Towards a comprehensive analysis of cleaner technology potentials to address industrial pollution arising from natural rubber processing industry: A case study of Cameroon Development Corporation - Rubber Factories by Napi Wouapi
                                                                                                                                                                                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Authors:              Supervisors: 
Napi Wouapi              Ole Erik Hansen 
Tamo V. Maimo             Erling Jelsøe 
 
Year 2006 / 2007  
 
International Master of Science Program in Technological and Socio-Economic 
Planning. Environmental Policy and the Global Challenge - Department of 
Environmental, Social and Spatial Change - ENSPAC. Roskilde University, 
Denmark.  
Towards a comprehensive analysis of cleaner technology 
potentials to address industrial pollution arising from 
natural rubber processing industry: A case study of 
Cameroon Development Corporation - Rubber Factories 
 
Disposed 
product 
Raw 
materials 
acquisition 
Separation of 
waste 
Recycling and 
reuse 
Processing and 
more efficient use 
of resources 
Treatment of 
waste Energy recovery 
Energy, water and 
additives 
 
Making Resources 
optimisation 
Happen in 
industrial firms 
Civic 
environmentalism 
 
Regulatory 
network 
Business 
network 
Knowledge 
network 
Focal 
Enterprise 
     A Master Thesis Project 
 
R 
   i 
Table of Contents 
List of Figures _____________________________________________________v 
List of Tables and Boxes ___________________________________________ vi 
List of Acronyms__________________________________________________vii 
Acknowledgements _____________________________________________ viii-ix 
Abstract _______________________________________________________ x-xi 
 
1. Problem Formulation_____________________________________________1 
 1.1    The overarching problem ____________________________________________ 1-5 
 1.2 The rationale of the study ___________________________________________ 5-6 
 1.3 Research question and working questions _____________________________ 6-7 
 1.4 Research objectives_________________________________________________ 7-8 
 1.5    Scope and limits of the study _________________________________________ 8-9 
 1.6 Structure of the thesis______________________________________________ 9-10 
 
2. Methodology and Research Techniques_________________________________________11 
 2.1 Introduction ____________________________________________________ 11-12 
 2.2 With reference to theoretical background ___________________________ 12-14 
 2.3 With reference to empirical background  ____________________________ 14-18 
 2.4 Validity of the data _______________________________________________ 18-19 
 2.5 Design strategies to conduct the study _______________________________ 20-21 
 
3. Conceptual framework: Ecological modernisation, environmental management and 
    industrial transformation ____________________________________________________22 
 3.1  Introduction ____________________________________________________ 22-23 
 3.2  Ecological Modernisation Theory ___________________________________ 23-25 
 3.2.1 Environmental innovation _________________________________________ 25-26 
 3.2.2 Critiques of EMT ___________________________________________________26 
 3.3  Ecological modernisation potentials for Cameroon ____________________ 26-28 
 3.4  Environmental management in industrial entreprises __________________ 28-29 
 3.5  Network Analyses: Towards a "Quartet-network"model _______________ 30-31 
 3.5.1 Business network _________________________________________________ 31-32 
 3.5.2 Policy network ______________________________________________________32 
 3.5.3 Civic society network _____________________________________________ 32-33 
   ii 
       3.5.4 Knowledge network_______________________________________________ 33-34                                                                                            
 3.6  Analytical framework: Towards a Quartet network model ______________ 34-35 
 
4. Natural Rubber Processing Industry and the Environment ________________________36 
 4.1   Natural Rubber: A strategic and global agricultural raw material________ 36-39 
 4.2  Development of Cameroon's Natural Rubber processing industry __________39 
 4.2.1 Historical developments___________________________________________ 39-40 
 4.2.2 Characteristics of the Agro-industrial sector __________________________ 41-43 
 4.2.3 Natural Rubber industry and economic development ___________________ 43-44 
 4.3 Environmental impacts of natural rubber processing __________________ 44-45 
 4.3.1 Natural resource depletion _________________________________________ 45-46 
 4.3.2 Environmental quality versus pollution ______________________________ 46-49 
 4.4  Improving the environmental performance of the natural rubber industry _____
  __________________________________________________________________49 
 4.4.1 End-of-Pipe treatment (EoP) _______________________________________ 49-50 
 4.4.2 Cleaner Production Concept (CP) __________________________________ 50-51 
 4.4.3 Environmental Management Systems (EMS) _________________________ 52-53 
 4.5 Concluding remarks_________________________________________________54 
 
      5. Environmental Institutions and their influence in shaping corporate behaviour in 
Cameroon_____________________________________________________________55 
 5.1   Introduction _______________________________________________________55 
 5.2   Environmental state management of the industrial sector in Cameroon ______55 
 5.2.1 Cameroon's administration and environmental management ____________ 55-59 
 5.2.2 Development of environmental management __________________________ 59-60 
 5.2.3 State management of the industrial sector _______________________________61 
 5.3   Environmental Institutions, Legislation, Policies and other actors _______ 62-63 
 5.3.1 Environmental policy framework ______________________________________64 
 5.3.2 Government institutional organisations ______________________________ 64-68 
 5.3.3 Environmental policy instruments___________________________________ 68-70 
 5.3.4 Environmental legislation__________________________________________ 70-71 
 5.4   Critical evaluation of environmental policy in Cameroon _______________ 71-72 
6. Effluent management practices and environmental performance improvements of 
    Cameroon Development Corporation (CDC) rubber-based factories ________________73 
 6.1  General introduction of the CDC Group Rubber ______________________ 73-78 
   iii
 6.2  Natural rubber processing case study factories: Geographical and Socio-       
economic profiles ______________________________________________________78                                                                                            
 6.2.1 Geographical profile ______________________________________________ 78-80 
 6.2.2 Socio-economic profile ____________________________________________ 80-81 
  6.3  Environmental profiles and impacts of natural rubber processing factories ___81 
 6.3.1 Environmental profile_____________________________________________ 81-89 
 6.3.2 Environmental implications of Mukonge rubber processing factory__________89 
 6.3.3 Environmental implications of Tiko rubber processing factory ___________ 89-95 
       6.4  Environmental improvement options __________________________________95 
 6.4.1 Effluent and solid waste prevention and reduction at source _____________ 96-97 
 6.4.2 On-site recycling ____________________________________________________97 
 6.4.3 Off-site recycling ____________________________________________________98 
 6.4.4 Extra energy consumption in the waste treatment facilities ______________ 98-99 
 6.5  Network of actors and institutions embedded within CDC rubber-based   factories
 __________________________________________________________________99 
 6.5.1 Business network _______________________________________________ 99-102 
 6.5.2 Knowledge network_____________________________________________ 102-103 
 6.5.3 Policy network _________________________________________________ 103-105 
  6.5.4 Civic society network ___________________________________________ 105-107 
 6.6  Summary _____________________________________________________ 107-108  
 
7.  Integrative concluding  discussion: The environmental reforms challenge at the 
    CDC rubber industry_______________________________________________________109 
 7.1  Introduction __________________________________________________ 109-110  
 7.2  Comparative evaluation_____________________________________________110 
 7.2.1 Comparative analysis of case study factories environmental performance _______
 _____________________________________________________________ 110-116 
 7.2.2 Comparative analysis of the contributions of the CDCs networks _______ 116-121 
 7.2.3 Summing up __________________________________________________ 121-122 
 
8. Policy implications for future pollution control and relevance of EM in the 
    Cameroon context _________________________________________________________123 
       8.1 Policy implications for future pollution control: Reconfiguration of the Cameroon 
environmental regulation ___________________________________________ 123-127 
       8.2 Relevance of Ecological Modernization in the Cameroon context __________ 128-129 
 
   iv 
List of References____________________________________________________ 130-135 
Appendices_______________________________________________________________136 
 Appendix A: Letter of intent to carry interviews with the respondents _______ 136-137 
 Appendix B: Interviews and questionnaires guides _______________________ 138-148 
 Appendix C: List of the interviewees _______________________________________149 
 Appendix D: Certification parameters of TSR _______________________________150 
 Appendix E: GoC environmental investments and  flowchart of the Department of 
Norms and Standards of MINEP (depicting shortage of staff ) ____________ 151-152 
         Appendix F: Biological processes for nitrogen removal from wastewater   
   _________________________________________________________________153 
 Appendix G: Material flow of Field Coagula production cycle including wastes and 
emission generation________________________________________________ 154-155 
 Appendix H: Overview of Cameroon environmental laws and acts ______________156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   v 
 
List of Figures 
Figure 1.1 High concentration of industries along Cameroon’s coastal zone__2 
Figure 2.1 Location of township in Fako Division-South West Province of 
Cameroon 
                  Case study site (Limbe estuary, Mudeka creek and Tiko creek)__15 
Figure 2.2 Design strategies to conduct the study _______________________21 
Figure 3. CDCs Quartet-Network Analytical Model ____________________35 
 
Figure 4.1 Major African natural rubber exporting countries ________________________37 
Figure 4.2 Main cash crops and agro-industrial companies along the Cameroon coastal  zone. 
(Source: Folack, 1997) __________________________________________________40 
Figure 4.3 Natural rubber export grades (FOB) 2001-2004 __________________________44 
Figure 4.4 Model of possible options for pollution prevention in a rubber factory ________53 
 
Figure 5.1 Generalized flowchart of the administrative structure of Cameroon (in 2007) __58 
Figure 5.2 General organization flowchart of industrial environmental management in 
Cameroon (in 2007)_____________________________________________________63 
Figure 6.1 General schematic diagram of industrial rubber processing_________________75 
Figure 6.2 Contribution of natural rubber grades to CDC export revenue (2003-2006) ___76 
Figure 6.3 Rubber production trends 2000-2005 ___________________________________77 
Figure 6.4 A view of the CDC-dependent communities' residential quarters in Mukonje  _79 
Figure 6.5 The production process of Mukonje RSS factory__________________________84 
Figure 6.6 Some of the illustrative pictures of RSS production process _________________86 
Figure 6.7 The production process of Tiko rubber factory (CNR 10 CL) _______________87 
Figure 6.8 Some illustrative pictures of the production processes of CNR 10 CL ________88 
Figure 6.9 Layout of the wastewater treatment pond system of Tiko factory ____________91 
Figure 6.10 Partial view of surface water of wastewater pond system of Tiko factory ____91 
Figure 6.11 Rubber trap or primary clarifier in Tiko factory_________________________93 
Figure 6.12 Improper disposal of "solid packaging waste" in Tiko factory______________95 
Figure 6.13 Wastewater pump equipped with an electrical motor in Tiko rubber factory _98 
Figure 7.1a Current industrial waste management practices in Mukonje ______________111 
Figure 7.1b Current industrial waste management practices in Tiko__________________111 
Figure 7.2 Proposed Integrative chain management and resource optimization for the CDC 
rubber processing factories and their network _____________________________122 
   vi 
List of Tables and boxes 
 
Table 2.1 Overview of the target groups interviewed ________________________________19                                                                                            
 
Table 4.1 Natural rubber plantation-based agro-industrial enterprises 1982-1983 _______42 
Table 4.2 Properties of effluents from rubber processing factories ____________________46 
Table 4.3 Nutrients load (tons/year) dynamics from industries of Cameroon coastal zone 
                in 1982 (UNEP, 1982) and in 1996 (Angwe & Gabche, 1997)__________________48 
 
Table 6.1 Factory Processing - Crumb and Sheet (December 2006) in tons dry __________76 
 
Table 7.1 Comparative data analysis of the CDC rubber factories on environmental 
        problems and effluent treatment _______________________________________111 
Table 7.2 Technological feasible solutions in the CDC rubber effluent management _____116 
Table 7.3 Evaluation of actors/institutions in driving the CDC environmental 
                performance ________________________________________________________117 
 
Box 4 Rubber (Hevea braziliensis) Facts and Figures _______________________________37 
 
Box 8 Disadvantages of end-of-pipe techniques____________________________________124 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   vii 
List of Acronyms 
 
BAT:   Best Available Technology 
BEP:   Best Environmental Practices 
BMPs:   Better Management Practices 
BOD:    Biological Oxygen Demand 
CDC:    Cameroon Development Corporation 
CERUT:  The Centre for Environment and Rural Transformation  
CNR 10:  Cameroon Natural Rubber 
COD:    Chemical Oxygen Demand 
CP:   Cleaner Production 
CRTs:   Contract Rubber Tapers 
CRTK:  Community Right To Know 
CT:   Cleaner Technologies 
DFID:   Department for International Development 
DNS-MINEP:  Department of Norms and Standards of the MINEP 
DRC:   Dry Rubber content 
DTU:   Technical University of Denmark 
EMS:   Environmental Management System 
ENSPAC: Department of Environmental, Social and Spatial Change, Roskilde 
University Denmark 
EoP:  End-of-Pipe 
EU:  European Union 
FOB:   Free On Board 
GoC:   Government of Cameroon 
IRAD:   Institute of Agricultural Research for Development 
MAGZI:  National Office for Industrial Zones Planning 
MINATD:        Ministry of Territorial Administration and Decentralization 
MINEE:  Ministry of Water and Energy 
MINEP:  Ministry Of Environment and Nature Protection 
MINMDT:  Ministry of Mines, Industries and Technological Development 
NEMP:  National Environmental Management Plan 
NGOs:   Non-Governmental Organisations 
OECD:  Organization of Economic Countries for Development 
PDSW-MINEP: Provincial Delegate South West Province of MINEP 
REACH:  The new European Chemicals regulation  
RSS:    Ribbed Smoke Sheets rubber 
SMEs:   Small and medium sized enterprises 
SAPs:   Structural Adjustment Programs 
TSR:   Technically Specified Rubber 
UB:   University of Buea 
UNEP:   United Nations Environment Program 
UNCTAD:  United Nations Conference on Trade and Development 
UNIDO:   United Nations Industrial Development Organisation 
WM:   Waste Management 
WWTP:  Wastewater treatement plant  
   viii
Acknowledgements 
In the course of our research and reporting, we encountered many highly invaluable actors 
and institutions to whom we are highly indebted. First and foremost our local partner 
organization DMC that linked us to the CDC Rubber Group. Thanks to the tutoring from 
Mr Mbuyeh Odilius, Dr Stephen Namijo, Mr Wonkam Dieudonne, Mr Mbile S. Tapea, Mr. 
Shiti Cletus, Mr. Thierry Nankeng, Mr. Gwaya Emmanuel of the CDC Group Rubber in 
Tiko and Mukonje -and the other staff members – who not only gave us the access to our 
empirical sources and documents to photocopy, but also for the hospitality and not least, for 
sparing their precious time to discuss these issues with us during our field study. In the 
same light, we also are most grateful to Dr. Efendene Blaise and Mrs Assoumou of 
MINEP; Mr. Ndombisso of MINMDT; Mr Moleli Luma John of Limbe Urban Council; Dr. 
Ehabe Eugene of IRAD centre in Ekona; Dr Yinda of State University of Buea - Faculty of 
Environmental Sciences and Biology; Mr Ntonifor Charlie of CERUT. 
In the absence of financial aid from DANIDA and ENSPAC-RUC, our field study would 
have been practically impossible. We thank these institutions enormously for their interest 
in environmental research in developing countries. Thanks to the Ministry of Agriculture 
and Rural Development Cameroon, Tamo was able to participate in this ENSPAC 
International Masters Programme. 
Throughout the research process and writing up, our supervisors, Associate Professors Ole 
Erik Hansen, Erling Jelsøe; other academics and professionals in the field such as Professor 
Lise Drewes, Associate Professors Bente Kjærgård, Tyge Kjær, Michael Hauschild, Ann 
Marie Eilersen and Dr Jens Peter Mortensen supported and encouraged us to pursue, 
consolidate and finish this thesis. We particularly owe you a great deal for your ability to 
listen and for believing in us. In this respect, we also wish to acknowledg your foresight 
without which we could not have completed this thesis. 
Our gratitude equally goes to Mrs. Lotte Larsen, miljøtekniker at Roskilde Kommune 
(Renseanlæg Bjermarken), and Mr. Kaj Eichler, teknik-spildelland at Roskilde Kommune 
Forsyning for sparing their precious time to explain and discuss with us issues regarding 
the basic performance characteristics of wastewater treatment plant, based on their long 
   ix
experience and practical knowledge in the realm of mechanical, biological and sludge 
treatment and monitoring. 
The thesis is partly inspired by many discussions we had with the convenors of Main 
Course II - Associate Prof. Søren Lund and PhD Maria Figueroa - and particularly their 
conviction that the dominant command and control regulation is to be supplemented to in 
order to better address industry environment-informed issues in the developing countries; 
and that this thesis can positively contribute to the ensuing process shift from the “first 
generation” of environmental regulations to “second generation”.  
Sacrifices made by our families and friends to see us through remain valueless in our quest 
for knowledge. Most especially, sacrifices of Tamo Brendaline (Tamo’s wife) and Valerie 
Napi (Napi’s wife). 
On a sad note we would also like to dedicate this work to our DMC contact person, late Mr. 
Jaff Brendan Bongyu who passed away on the eve of our arrival in Cameroon. 
We thank you all immensely. 
 
 
 
 
 
 
 
 
   x
Abstract 
The introduction of best environmental practices (in this study it implies adoption of 
cleaner technology in varying degrees) among industrial enterprises in Cameroon remains a 
serious challenge to environmental policy makers. Whilst research has shown that the 
rubber industry can play an important role in strengthening a nation’s economic 
development; its negative environmental impacts, due to poor effluent treatments and the 
lack of research to generate more knowledge on opportunities and usefulness offered by 
better management practices, remain a serious concern. The seldom improvements to 
rubber processing and effluent management take place off farm and are more likely to 
occur when they are regulated by environmental laws. In so doing enterprises are instead 
reactive (i.e they are less active in engaging themselves into learning processes within their 
network to build technical competencies, which are prerequisites to receive, interprete and 
use environmental information) and try to comply with environmental regulation at the 
lowest possible level. In reality, effluents from primary rubber processing are not a problem 
when standard end-of-pipe treatments are installed. However the study indicates that such 
treatment plants are uncommon in any of the Cameroon’s primary rubber processing 
industries. A case study exploring the potentials of adopting cleaner technologies to address 
industrial pollution arising from natural rubber processing in the CDC revealed great 
opportunities and constraints towards improvement of rubber-based factory environmental 
performance. These findings indicate that environmental policies (only grounded on 
environmental demands with less consideration of the company’s business view) aimed at 
ecological industrial transformation need to be supplemented with more innovative 
instruments embedded in what is referred today as “second generation” regulation. It 
suggests that policy makers, actors and institutions of the Cameroon Government will 
continue to intervene in the arena of environmental issues indeed, but selectively and in 
interaction with a range of other non-market and market sources of pressure. The claim 
here is that such network relations can better facilitate learning and knowledge 
accumulation, which are needed to strengthen the dynamic of interactions between actors 
and institutions embedded in a particular Enterprise’s network (a sort of complex system of 
interactions between suppliers, producers, consumers, regulators, learning centres and 
financial institutions to bring about environmental innovation within a corporation). In fact, 
   xi
the examination of these interactions gives sufficient insight to understand what can 
actually determine the CDC’s capability to carry out and participate in successful 
environmental innovation processes. Despite the challenges of implementation of 
Ecological Modernization concepts in Cameroon, great opportunities may exist for its 
deployment in understanding environment-informed ecological restructuring of industrial 
systems. The result of all this is that there is a lot of very concrete projects - in the sense of 
win-win perspective as it is emphasized by Ecological Modernization - that will be possible 
to make functioning in the processing of natural rubber and that can provide valuable asset 
for environmental technology market. These projects are all about resources optimization in 
converting natural rubber into industrial grade products (on and off farm processing) and 
they include: (i) biogas generation plant and energy recovery; (ii) sludge treatment and 
reuse either for soil amendment or as fertilizer for farmland; (iii) wastewater recovery 
techniques through irrigation etc. To this end it appears that the only demand would be the 
availability of some kind of technical competencies to implement the said facilities in order 
to improve the environmental performance of the CDC and Cameroon industrial web as a 
whole. 
Keywords: Environmental Modernization, Environmental Innovation, Environmental 
Regulation, Environmental Capacity Knowledge, Network Model, Industrial pollution, 
CDC
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1. Problem Formulation  
The purpose of this chapter is to introduce our problem field and study area. We start by looking 
at the overarching problem of the development of the natural rubber agro-industry and its 
environmental impacts and identify approaches aimed at prevention of industrial pollution at firm 
level. Following the rationale of the study, we present the research and working questions, then 
the research objectives. The scope and limitations of the study precede the conclusive part of the 
chapter, which outlines each chapter.  
1.1 The Overarching Problem of Industrial Development in Cameroon 
Cameroon has seen substantial industrial development during the last four and half decades, 
responsible for considerable national economic growth/development and partial contribution to 
negative environmental impacts1 (Alemagi, 2006). After independence in the early 1960s, one of 
the national development objectives to promote economic growth was premised on the 
development of a resource-based industrial sector e.g. agro-processing industry, textiles and 
accessories, paper and pulp, wood processing and establishment of large scale agro-industrial 
companies (Figure 1.1 below shows the distribution of these industrial activities along the 
Cameroon coastal zone). The resultant effect of the said industrial policy led to a high 
concentration of industrial firms in that region, also favoured by propitious biophysical 
ecological, climatic, conditions including demographic and socio-economic infrastructure 
(Konings, 1990; ibid).  UNIDO reported that the Atlantic coast of Cameroon (which includes 
some of the major industrial centers such as Douala, Limbe, Tiko or Kribi) hosts about 80% of the 
nation’s industries, among which are some export-oriented companies (UNIDO, 2002).  
The industrial sector has made a considerable contribution to the country’s GDP through revenue 
generation from agricultural raw materials exports and employment. Agricultural raw materials in 
2003 accounted for nearly 19.5% of total exports from Cameroon valued at US$ 2,246 million. It 
is equally important to mention that this contribution of industrial production is associated with its 
negative environmental impact along the Atlantic coast of Cameroon. In fact cases of Aluminum 
and heavy metals pollutants - Mercury, Zinc, Copper and organic pollutants - emanating from 
industrial production systems have been reported in aquatic organisms along the marine 
                                                 
1
 Increasing use of natural resources and environmental degradation from direct discharge of wastes into nature are 
considered being unsustainable.  
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ecosystem of the Atlantic coast of Cameroon, which is the discharge point of effluent from most 
of these industrial firms (Alemagi, 2006; Angwe and Gabche, 1997; UNIDO, 2002)  
In this scenario, the natural rubber agro-industry2 is an important player of export-oriented 
industries in Cameroon and represents a key link in the natural rubber value chain. According to 
data from UNCTAD Handbook of Statistics 2005 (page 162) natural rubber and gums for the 
period 2002-2003 represented 1.37% of Cameroon’s total exports and 0.49% of world exports. 
Approximately 90% of the primary natural rubber production (latex and field coagula) is 
transformed into various grades of industrial raw natural rubber for export markets in Europe in 
                                                 
2
 The natural rubber agro-industry refers to the whole complex of agricultural and industrial activities directly linked 
to the production of industrial grade natural rubber either for the predominantly export or limited domestic markets 
(case of Cameroon) 
Figure 1.1 High concentration of industries along Cameroon’s coastal zone, adapted from Alemagi (2006) 
HEVECAM rubber- 
based plantations 
CDC rubber-
based plantations 
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the form of Ribbed Smoked Sheet (RSS) and Technically Specified Rubber (TSR) grades.  
According to the International Trade Statistics Yearbook 2004, Cameroon Natural Rubber 
witnessed a steady rise in value and quantity from 2001-2004, earning export revenue of US$ 
42,741 million in 2004. TSR exports (F.O.B) experienced a sharp rise from 2001 to 2002 but 
much less between 2003 and 2004, resulting in the export quantities of 27,549 metric tons in 
2004. This industrial sector is also important in that it creates employment and mostly located in 
rural areas thus acting as an agent of balanced regional economic development. For instance, the 
CDC Rubber Group Manager stated that “the Group Rubber directly employs more than 5,000 
workers distributed throughout its eleven plantation estates and six rubber-based factories3”.  
Despite its socio-economic benefits natural rubber processing industry is one of the activities with 
not only high impact potentials on the natural ecosystem of the water bodies along the Atlantic 
coast of Cameroon, but also potential impact on human health taking into consideration the entire 
life cycle of rubber. Environmental pollution - and environmental degradation from direct 
discharge of untreated wastes and emissions - from crop processing units is a major concern in the 
natural rubber sector. As regards vulcanization4 process for instance (as for the case of 
HEVECAM), it requires the use of some toxic substances containing heavy metals such as lead, 
sulfur (and zinc in some extent) with potential consequences of bioaccumulation in aquatic 
organisms and the food chain. 
The aforementioned environmental excesses (lack of appropriate effluent treatments in natural 
rubber processing) therefore call for primary producers (see Box 4) of natural rubber in less-
developed countries to transform their production systems along ecological lines. The pressures 
take the form of increasingly stringent and costly environmental regulations and demands from a 
growing proportion of stakeholders for improved environmental performances. Since the Earth 
Summit held in Rio de Janeiro in 1992 and Agenda 21 (action plan) thereof, business and industry 
have increasingly occupied the central stage in not only causing pollution to the environment but 
also have been playing a growing role in seeking solutions to environmental problems. This 
approach towards industrial pollution abatement and contribution to sustainable development 
                                                 
3
 At the time of this research five factories were functional with the exception of Mbonge RSS factory closed down 
due to changes in corporate management policy 
4
 Among the natural rubber industrial grades producers in Cameroon, HEVECAM (Figures 1.1 and 4.2) is the only 
one making vulcanization. In 1839 Charles Goodyear invented this process, which uses sulfur, lead, or zinc oxide and 
heat to stabilize rubber by preventing it from turning brittle when cold and sticky when hot (Capman, 2002) 
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goals has become a regular feature on the agenda of policy-makers worldwide. Also, the role of 
governments and non-state actors in environmental governance has been growing in recent years 
in most countries. 
As a result of such global environmental policy diffusion, Cameroon government initiated a series 
of environmental regulations with some elements aimed at sustainable industrial development 
rather than solely economic growth. In the past and much so today, companies still discharge 
waste directly into nature or at best install low standard end-of-pipe environmental technologies to 
their manufacturing processes. The current comprehensive law no. 96/12 of 5th August 1996 on 
environmental management lays the foundation for a modernised environmental policy targeting 
sustainable industrial development, comprising measures that would build the institutional 
capacity of the industrial sector to adopt cleaner technologies in addressing industrial 
environmental problems. So far, government initiatives to control industrial pollution have been 
focused on the improving of the environmental performance of factories through a compliance 
system based on environmental laws, regulations and effluent standards and also voluntary 
industrial regulation in some companies (Alemagi, 2006). According to a staff officer of the 
Ministry of Environment and Nature Protection, “The use of economic instruments in 
environmental protection in Cameroon still is at the embryonic stage and faces increasing 
challenges in terms of institutional capability and capacity building as a result of budgetary and 
expertise barriers”. In addition the decade-long economic recession that gripped the country from 
the mid 1980s forced many companies to slash investment budgets in general and environmental 
investments in particular. This assertion was confirmed by a CDC management staff as follows: 
“We could not expand our environmental management policy due to financial limitations and the 
pending privatization process of the CDC”. However, there is evidence that firms worldwide are 
restructuring their approach toward environmental management from pollution control to 
pollution abatement, which provides room to seek for specific knowledge and capacity to develop 
a more competitive sustainability-based strategy for a company, also creating a scenario for 
institutional learning and eventually acting as an initial step in industrial transformation (Gottlieb 
et al., 1995; de Bruijn and Hofman, 2000; Revell, 2007).   
In this context, the natural rubber processing industry is expected to play a key role in both 
economic development and environmental protection. It is important to note that environmental 
issues and strategic investment decisions concerning changes in technology are financially very 
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sensitive and critical in enterprise management. However, one potential path for achieving 
environmental performance improvement - encompassing production and economic goals at the 
firm level - is to adopt cleaner technologies and waste minimization management measures. This 
would entail the application of an Environmental Management System (EMS) in a factory. The 
benefits of this strategy are improvements in production process efficiency and productivity and 
substantial reduction of total costs; it initiates opportunities of waste recycling and reuse of by-
products (Wattanapinyo, 2006). In Cameroon, corporate environmentalism still is a new concept 
thus greater potentials may exist for improvements. So far there have been no attempts at placing 
these claims within a broader theoretical framework of socio-environmental relations, and to date 
no study has been conducted on the role and contribution of actors/institutions as drivers toward 
environmental innovation (for instance at the level of the firm) that may lead to understand 
ecological transformations of industrial systems, hence the need for this research. 
1.2 Rationale of the research study 
The timeliness of this study can be attributed to a number of reasons:  
 Firstly, natural ecosystems on the coastal regions of Cameroon are undergoing increasing 
degradation as a result of both high concentrations of industrial activities and unsustainable 
industrial use of resources and generation of toxic wastes and emissions whose consequences may 
range from local to global levels. Our experience in Cameroon dictates that most natural rubber-
based factories still directly discharge emissions/wastes untreated into the natural environment 
and the inefficient use of water, which still is considered as a ‘free’ good, fail to add value to 
wastes and by-products that can reduce resource use and pollution of the ecosystems. The 
following reasons have been attributed to this corporate behavior: (i) Limited environmental 
awareness and knowledge related to environmental problems; (ii) old and obsolete processing 
technologies; (iii) weak enforcement of environmental regulations, which is also constrained by 
budgetary allocations5; (iv) shortage of qualified manpower; and (v) financial deficiencies at 
corporate level in conjunction with corporate leadership not being fully committed to the adoption 
of environmentally friendly pollution control and waste minimization technologies. Not surprising 
that Porter and van de Linde consider pollution as a form of economic waste resulting from 
resource inefficiencies noticeable in companies as incomplete material utilization, poor process 
                                                 
5
 Details about budgetary allocation per Ministry in Cameroon is provided in the appendix E 
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controls which lead to unnecessary waste, defects and stored material (Porter and van de Linde, 
(1995 
 Secondly, industrial environmental discourse still is rife in Cameroon, the 
contemporary government environmental policy implementation efforts, despite some positive 
impacts, have witnessed a series of constraints namely: Inadequate competent personnel, 
inadequate funding and strategic research, inter-institutional conflicts, inefficient equipment and 
machinery, inefficient monitoring of compliance, ineffective control of environmental reporting 
and inadequate coordination between various stakeholders (Alemagi, 2006). However, the current 
environmental policies are at least in the right direction of sustainable industrial development and 
environmental discourse remains a topical issue in the media to facilitate emergence of public 
awareness on industrial ecological risks. This is confirmed by Pefok (2007) stating that 
‘Environmental experts were alarmed by industrial pollution in Douala6’ 
These empirical environmental constellations called for industries to take environmental concerns 
into account in the conduct of their activities. Environmental management researchers in 
Cameroon have given little or no attention to ecological modernization concepts that can be used 
to study and understand environment-informed industrial transformation, as has been recentlty the 
case in the East Asian regional context (Sonnenfeld, 2000; Chavalparit, 2006; Wattanapinyo, 
2006). This kind of new knowledge base can contribute towards specific environmental policy 
developments for natural rubber industry in particular and the entire Cameroon industrial sector. 
 Finally, the documentation of the application of EM concepts in the Cameroon 
context partly constitutes an intellectual exercise with greater potentials for environmental policy 
development (most especially in the natural rubber industrial sub-sector). Therefore this thesis 
attempts to address this gap in the literature. 
1.3 Research question and working questions 
Given this background, which clearly presents the possible contribution to pollution of natural 
rubber processing industries along the Atlantic coast of Cameroon, the thesis poses the following 
research question:  
                                                 
6
 Douala is the head capital of Littoral Province in the coastal zone of Cameroon (see fig 2.1). Douala also stands as 
the economic capital and gateway of Cameroon, which hosts almost 60% of the industrial web of the whole country. 
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How can the CDC natural rubber processing factories improve their environmental 
performance (improvements to processing and wastewater7 management) and become more 
environmentally innovative?  
The attempts to answer the research question require that this study strive to explore the working 
questions elaborated below: 
i. How significant is the total contribution of the CDC natural rubber industrial grades 
with respect to national industrial production and export revenues and what are the 
negative environmental impacts related to rubber processing? 
ii. What are the institutional environmental management (institutions, legal and 
regulatory framework) characteristics towards industries in Cameroon and to what 
extent has it shaped the industry’s environmental performance so far? 
iii. Which actors, social structures and institutions are involved in the primary rubber 
processing industrial web of the CDC; and how and to what extent do these 
institutions, social structures and actors influence the environmental performance of 
the CDC natural rubber processing industries? 
And in the light of the aforementioned explorative questions, 
iv. What is the way forward and what kind of capacities, knowledge and policy 
environment can really cause the CDC to carry out successful adoption of 
environmental innovation? 
1.4 Research objectives 
To this end four research objectives have been formulated as follows: 
i. To understand both the economic importance of Natural Rubber as a strategic crop and 
the major environmental burdens emanating from its processing; and to identify what 
feasible approaches and options do exist to conceive an appropriate environmental 
performance improvement model for the CDC rubber factories (which aims at 
transforming the current ‘linear throughput’ system towards a more ‘closed loop’ 
system). 
                                                 
7
 In this context wastewater refers to effluent (in the form of both liquid and solid wastes) arising from industrial 
rubber grades processing made by the CDC: CNR 10, RSS, CV and L. 
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ii. To get deeper understanding about Cameroon government initiatives and efforts 
towards abatement of industrial pollution, through detailed assessment of Cameroon’s 
institutional, legal and regulatory framework (policy instruments and other legislative 
texts related to mitigation of industrial pollution) and the effectiveness of its 
implementation on the ground? 
iii. To identify and understand the role and/or function that different actors, social 
structures and institutions play towards adoption of cleaner technologies in the CDC 
natural rubber processing industries; and to obtain a deeper knowledge of how do these 
various institutions, social structures and actors influence environmental innovation of 
the CDC natural rubber processing industries. 
iv. To use this understanding in order to elaborate adequate strategies and be able to build 
knew knowledge base for the purpose of providing a supportive policy environment 
(the one equipped with more pro active policy instruments) to facilitate and promote 
the environmental performance process of natural rubber processing industries of the 
CDC. 
1.5 Scope and limits of the study 
This study is concerned with the challenge of adopting environmental innovation in companies 
(through process flow analysis and most specifically the processing that involves activities 
associated with conversion of natural rubber agricultural raw materials - latex and field coagula - 
into industrial-grade4 materials namely CNR10, sheet rubber, 3CV and 3CL) from a sociological 
standpoint, whereby actors, factors and institutions are considered as key determinants in the 
greening process of industrial systems. Though Cameroon hosts two major natural rubber 
processing industries (these include HEVECAM and the CDC) along its Atlantic coast, our study 
is limited to the CDC. In fact, despite our efforts to conduct this study within these natural rubber 
industrial firms to get access to multiple sources of information, it is only the CDC who showed 
their willingness to share this experience. Appendix A outlines the letter of intent to carry 
interviews with the respondents. 
                                                 
4
 The five CDC rubber factories process natural rubber in three technically specified marketable grades: 
SHEET RUBBER as Ribbed Smoke Sheets (RSS); CRUMB RUBBER as CNR 10; 3CV (Constant Viscosity) and L (Light Coloured Rubber).   
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Our system boundary will be the CDC rubber industry and the different actors and institutions 
(government agencies, municipal authorities, communities, raw material suppliers, consumers, 
service providers) involved in natural rubber industrial web.  
According to Mirata (2005), improving the sustainability of industrial systems requires the 
attention of both consumptive and productive activities. Following this statement we shall 
concentrate on production side since most processed rubber is exported beyond national 
boundaries. 
We shall draw most of our inspiration from previous studies from South East Asian region and 
adapt existing clean technology models for pollution abatement and the role of actors and 
institutions in enabling or constraining industrial transformations. 
Despite the shortage of quantitative ‘live’ data (and more specifically the characteristics of natural 
rubber processing effluent needed to indicate the pollution load level of the rubber factories), we 
trust that we are not hampered to conduct a useful interpretation and analysis based on the 
documents we have collected including site visits and the interviews we have made. 
1.6 Structure of the thesis 
The study is organised into eight chapters, each of which with a brief summary. 
In chapter 2, the methodology and related research techniques of the study are presented in order 
to analyse the rubber processing industries of the CDC; and to make a model of an integrated 
design of cleaner technology options for the primary rubber processing industrial system. In this 
view a systematic method is elaborated and the CDC Rubber group serves as a selected case study 
for further analysis. 
Chapter 3 is devoted to a deep theoretical discussion on cleaner technology approaches, using 
concepts embedded in ecological modernization theory. Firstly we present the evolution of the 
discourse about ecological modernization while in the second part we present and debate some 
interesting interpretation and definition of the notion of ecological modernization in relation to 
environmental performance of natural rubber processing; and finally we argue about the 
applicability of ecological modernization in the Cameroon context. 
In chapter 4 we analyse both the current economic condition of natural rubber processing and its 
impact on the environment including the existing best environmental management practices. We 
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draw from that a feasible strategy for waste prevention and waste mitigation arising from natural 
rubber processing. 
A pre-understanding and background to the study generated from the preceding chapters usher us 
into the empirical part of the study. Thus chapter 5 shall make a critical review concerning 
environmental management (analysis and characterisation of the role of environmental 
institutions, actors and policy instruments towards improvement of environmental management) 
aspects of the industry sector in Cameroon, whereby emphasis and discussion are put on 
environmental institutions, environmental legislation and regulation dealing with natural rubber 
processing and the environment. Chapter 6 elaborates the relevant data for the CDC rubber-based 
natural rubber factories in this research. This includes case study profiles, the environmental 
impacts of CDC rubber processing, environmental improvements potential through cleaner 
technology options and waste minimization model, the role of the institutions and actors involved 
in the CDC rubber factories’ social environment via policy, economic, societal and knowledge 
networks where the CDCs factories are embedded in. This network analysis should permit us 
identify drivers and barriers toward adoption of cleaner technology (environmental innovation 
within waste management options).  
Given the findings of the CDC case study and its normative network configuration, we suggest in 
chapter 7 an integrative concluding discussion, whereby the process of environmental 
performance capability of the CDC is understood as a result of a more dynamic interactions 
between actors and institutions embedded in the CDC network. In this chapter we draw out the 
lessons learned from the case studies. We do this by correlating the latters to the theoretical 
orientation presented in the study. Here the key question is: What light do the case studies throw 
on current environmental modernization process in Cameroon? Thus far this chapter is reserved 
for broader discussion of the implications of the research work. 
In chapter 8 we first suggest a reconfiguration of the environmental policy implications of 
Cameroon, and second evaluate the relevance of environmental modernization in Cameroon based 
on the findings and analysis of the CDC rubber case factories. 
To sum up, this chapter has presented the research question and the structure of the thesis. In the 
next chapter we will continue with an in-depth discussion of the methods that are found relevant 
to conduct the study. 
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2. Methodology and research techniques 
2.1 Introduction 
In this chapter we develop an appropriate strategy to answer the research questions. Ample 
evidence from chapter one indicated that natural rubber-processing industry contribute both to 
Cameroon’s economic development (through export revenue and employment) and to some of the 
negative environmental impacts currently taking place along the Atlantic coast of Cameroon.  
Our research, based on case studies of environmetal management and performance at the CDC 
rubber-based factories, explores the extent to which actors and institutions enable or constrain 
adoption of environmental management systems that aim toward pollution abatement or waste 
minimization at source and as such can facilitate and ensure environmental performance 
improvements of the CDC rubber-based factories. We intend to identify emissions and waste 
arising from natural rubber processing. In addition we are to explore the dynamics of the roles of 
industry and non-industry actors embedded in enterprise networks (institutions, economic, social 
and political structures) to drive or constrain adoption of “Cleaner technologies”8, and to improve 
the environmental performance of the CDC natural rubber processing industrial systems. These 
technologies are embedded in the concept of “Cleaner Production”9. This implies that it contains 
attributes of pollution reduction at source through process changes rather than end-of-pipe 
approaches exclusively; changing attitudes, developing preventive EMSs, creating conducive 
national policy environments and evaluating technology options capable of generating “win-win” 
situations for business enterprises.  
To conduct the research, a qualitative case study approach was taken as the most appropriate 
research strategy to examine a contemporary real-life situation. A case study research method has 
been defined as “…an empirical inquiry that investigates a contemporary phenomenon within its 
real-life context; when the boundaries between phenomenon and context are not clearly evident; 
                                                 
8
 Defined in this research context as the technology that systematically diminishes or even eliminate emissions and 
wastes at source and additionally reduce the use of raw materials, natural resources (water and energy) continuously. 
This is based on the concept of cleaner production predicated on preventive approach to environmental management 
taking into consideration impacts over a products life cycle, engendering responsible environmental management and 
evaluation of technological options (Radonjic and Tominc, 2006). Thus Cleaner Technologies rely on pro active 
pollution control or waste minimization rather than only clean-up or strictly end-of-pipe techniques) 
9
“… An operational approach to the development of the system of production and consumption, which incorporates a 
preventive approach to environmental protection. It is characterized by three principles: precaution, prevention and 
integration”. (Jackson, 1993). 
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and in which multiple sources of evidence are used” (Yin, 1984, p.23). Another reason for case 
study approach was based on the fact no documented research in the issue of environmental 
innovation within industries in general and Natural Rubber processing industries in particular, to 
the best of our knowledge, had been carried out in the Cameroon context. We were sympathetic to 
the idea that “case studies allow for a detailed investigation of factors encountered in identifying 
and integrating new technology into the plant and provide a rich set of data (both qualitative and 
quantitative) for evaluating the results (Yin, 1994 cf. Geffen, 2000).  
In the present study, case study research was conducted via an in-depth examination of two 
different sets of natural rubber processing factories within the CDC Rubber Group, to gain an 
insight into how the the network, which surrounds these rubber factories, enable and/or constrain 
environmental innovation including waste management practices in these industrial systems. The 
main criteria used to select the two cases studies10 include: (ii) the willingness of the CDC11 to 
share this experience concerning a study related to industrial firm’s environmental performance 
and the like; (ii) The factory’s size (ranging from 198 to 270 employees) and location (Tiko 
factory is in an urban-based setting while Mukonje factory is in a rural-based setting); (iii) Their 
production processes and availability (or non valailability) of pond system to treat wastewater 
prior to discharge into the nature; (iv) and the kind of environmental problems encountered. 
Therefore, as stated earlier, the fact that we experienced a shortage of useful quantitative data on 
waste water characteristics effluent of natural rubber processing, the case research methodology, 
while focusing on issues related to identification of determining factors affecting the CDC rubber 
factories process of adopting environmental innovation and to what extent these CDC rubber 
factories are involved in these environmental practices, used secondary literature sources (in terms 
of quantitative data necessary to characterise natural rubber processing effluent etc) to support the 
analysis of the study. 
2.2 With reference to theoretical background 
To begin with, it is important to emphasize that in exploring the constraints and opportunities of a 
large-scale enterprise in Cameroon to adop cleaner technology and to become more 
                                                 
10
 Actually the two cases studies refer to two different rubber based-factories of the same industrial firm (The CDC). 
The rubber factory in Tiko is located in an urban setting whereas Mukonge rubber factory is located in a rural setting  
11
 In fact, among the four main Natural Rubber industrial grades producer (HEVECAM, The CDC, PAMOL and 
SAFACAM – see table 4.1), the CDC was the only one who accepted our proposal to carry a field study within their 
working environment and industrial plant facilities. 
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environmentally innovative; there was a need to conceptualise the study. As such we needed to 
have a theoretical background associated with relevant concepts for the simple fact that the 
perception of the same reality can vary. These concepts are actually the tools that are used 
afterwards to inform the analysis in perceiving and understanding the issue under exploration. 
In this view Ecological Modernization theory was selected as the main concept to understand 
environment-informed trasnformation of industrial production systems. The reason for this choice 
was that we needed to grasp the understanding of researchers on industrial environmental reforms, 
and extract relevant information that could assist us carry out empirical research in the field in 
Cameroon. Thus the study will examine Hajer’s, Revell’s, Spaargaren’s and Mol’s theory of 
Environmental Modernization. To this end the analyses will present how ecological 
modernization has been evolving, its core features and different aspects. In this view we present 
our own interpretation of the ecological modernization concept, meaning that we examine its 
applicability (opportunities and constraints) based on the Cameroon’s condition and institutional 
capability and thereafter zero in on network model analysis and discussion.  
In order to examine the potentials of the CDC natural rubber processing for more environmentally 
sound practices, we present, interpret and explore some theoretical knowledge related to 
industries’ adoption of cleaner technologies. This leads to a building up of a conceptual 
framework on which the empirical analysis is based. 
At this stage it is equally important to mention that the materials (books, scientific 
journals/articles related to our topic) input needed to build the theoretical framework were found 
using: 
i. The facilities offered by Roskilde University Library (RUB) website and the library of 
Danish Veterinary and Agricultural University (KVL), with useful function as “quick 
search” to find relevant literature using  
keywords like hevea brasiliensis (scientific name for rubber) and ‘ environment*’, 
‘technology*’ and/or ‘agriculture*’ etc. 
ii. The support of our supervisors, ENSPAC staff, DTU and one expert in environmental 
inspection in Solrød municipality in Denmark 
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iii. The close collaboration and additional support of the staff of the environmental unit of 
Roskilde municipality (Renseanlæg Bjermarken and Roskilde Kommune and 
Forsyning Teknik - Spildellands) dealing with sewage system construction and 
wastewater treatment plant. 
iv. The help of the Internet by “goggling” key words related to our study. This has helped 
to have access to other materials relevant to our research study 
v. The references list at the end of all the material collected also provided great help in 
seeking for other relevant literatures. 
2.3 With reference to empirical background 
Prior to the field study, we conducted a literature review to acquaint ourselves with natural 
rubber-environment relations. Three main areas were covered: 
i. Some theoretical insight about the notion of material flow analysis or process analysis, 
to be able to understand the flow (flow sheet, energy and mass balance etc). This 
investigation has been carried out in DTU - Department of Manufacturing Engineering 
and management - during two working sessions with Associate Prof. Maikel Hauschild 
ii. Theoretical insight regarding the combination of both environmental improvement and 
cost price reduction, to understand the benchmark between environment and economy. 
This investigation has been carried out via a correspondence with Dr Jens Peter 
Mortensen, former environmentalist inspector in Solrød municipality  
iii. Theoretical insight related to Globalisation and value chain analysis (vertical and 
horizontal interactions), to understand the notion of cluster, thanks to the optional 
course convened by Associate Prof. Tyge Kjær.    
The information gathered at this stage familiarized us with our topic and its various aspects, thus 
providing a solid background and pre-understanding of the study. But we needed much more than 
simply analysing document and/or appraising concepts related to our topic, while being far from 
the field. In other words, analysing the potentials to drive environmental innovation reform within 
the CDC natural rubber processing necessitated a field study covered by the following elements: 
Site visits and visual observation of industrial activities related to natural rubber processing, 
interviews with the relevant actors and other key informants - based on their expertise in the 
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subject area respectively - to make the research more accurate and valid. Appendix B provides the 
interview guides. 
 Site visits 
In the period comprised between 01-02-2007 and 01-04-2007, we carried out fieldwork in the 
CDC Group Rubber in the South West Province of Cameroon (Buea, Limbe, Tiko, Penda Mboko, 
Mukonje and Ekona) and the Capital city, Yaounde. During our stay we visited two CDC rubber 
factories (Tiko, and Mukonje), the CDC Head Office in Bota, plantations and operational units, 
CDC management staff and workers, the regional research institute (IRAD), the Department of 
Geology and Environmental Sciences of the State University of Buea, the Provincial Delegation 
of MINEP, Tiko municipality, Limbe Urban Council, CERUT (NGO) and Christ the King college 
of Tiko, MINEP, MINMDT and MINEE central administration in the capital and provincial 
branch offices (i.e. Provincial Delegations in the South West Province (see Figure 2.1).  
 
 
 
 
  
 
 
  
 
We found the said visits very helpful in the sense that we were exploring a process that involved 
different actors at different levels. This phase has given us an opportunity to map the object under 
study (the CDC, which is our focal company) and its actual network with reference to 
opportunities and barriers towards environmental performance improvements. 
To be able to access relevant data related to both the research questions and the research 
objectives of the study, the analysis has been carried out in a systematic way. Firstly, review of 
literature on natural rubber processing industries and site visits supplemented by in-depth 
Figure 2.1. Location of townships in Fako Division - South West Province of Cameroon Case 
Study Site (Limbe estuary, Mudeka creek and Tiko creek) 
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individual interviews12 ranging from one to two hours (with experts, actors and other key 
informants in the relevant governmental agencies, the CDC, and other institutions) and informal 
talks - outlined in the following sections - in order to consolidate the study analysis. 
 In-depth individual interview 
Carrying out interviews with both the CDC staff and actors in the external environment of the 
firm, potentially implicated in environmental reforms (at the level of the province and central 
administration) allowed us to identify the crucial environmental problems related to the CDC 
natural rubber processing industries  
 Face-to-face interview 
We carried face-to-face interview with the head of the department of norms and standards at 
MINEP and the chief of service of industrial risks and the so-called “Etablissements Classés”13 at 
MINMDT. Along with, exhaustive questionnaires were developed. This has helped us to examine 
some crucial points concerning the national environmental management plan of Cameroon and 
the subsequent laws attached to it 
 Correspondence 
We carried out interview via correspondence for the interviewees who were not available due to 
their professional activities and schedule. In fact all the correspondences had something to do with 
technical issues such as: The design and efficiency of end-of-pipe environmental technologies -
existing wastewater treatment plant, wet scrubber- rubber molecules characteristics; the factors 
which have influenced the rise of natural rubber prices in the international market since 2002 etc. 
The data collected thereof covered the following themes: 
i. Natural rubber processing, socio economic and business characteristics of the CDC 
Group Rubber industrial units, including general plantation data. 
ii. Environmental innovation options and interactions of the CDC rubber industries with 
their industrial web (actors, institutions and structures) 
                                                 
12
 Depending on the sensitivity of the subject discussed with the interviewees, anymous reference sources are used 
along the present thesis 
13
 This refers to Law No. 98/015 of 14 July 1998 concerning establishments classified as dangerous, unhygienic and 
obnoxious and its enabling decree which calls for a study on the dangerous nature of establishments as well as their 
environmental load 
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iii. Perception on cleaner technologies within the CDC and possible commitments toward 
adoption of environmental innovation. Capacity building and awareness about 
industrial pollution etc. 
iv. Identification and examination of the roles of actors, factors and institutions (in the 
business, knowledge, regulatory and societal network) in encouraging or impeding 
adoption of environmental innovation of the CDC Group Rubber  
The goal pursued here was to gain insight of the CDC’s structural conditions (internal 
competencies with regard to environmental issues, customer/supplier relationship and overall 
strategy), its decision-making process with respect to pressures from its external environment (in 
terms of demand of regulation, demand in business relation and possible public pressure) to be 
able to identify key determinants of adoption of environmental innovation. 
 Informal talk 
It is well known that the workers in the field, for most of the cases, are low skill workers with 
substandard education. For them usually formal conversation, in the form of interview, is 
considered as a “police inquiry”. Therefore we found that the more convenient way to approach 
them was to initiate informal conversation, which, in turn, has helped to understand their working 
condition and occupational health risks encountered in factories and plantations. 
 Seminar and workshop 
During the field study we’ve had the opportunity to participate (as observers) to the workshop 
held by MINEP in Yaounde (March 2007) on the harmonisation of environmental standards. 
During the three days seminar the participants - major stakeholders - adopted norms and standards 
to regulate different industrial activities with regard to their impact on the environment. It was on 
this occasion that MINEP made public innovative provisions for use of economic instruments14 to 
address the limitations of command and control regulation. These provisions included: 
                                                 
14
 New economic instruments are embedded in the so-called “second generation” of environmental regulation; 
whereas the traditional command and control is considered as “first generation” of environmental regulation, which 
has been widely criticized by economist for impeding innovation and for its high cost, less flexibility and diminishing 
returns  
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operationalization of environmental fund to finance environmentally friendly projects, greater 
enforcement of pollution taxes, industrial water use charges15 etc.   
2.4 Validity of the data  
The challenge arising from data gaps (quantitative and qualitative) was complemented with visual 
observations of the natural rubber production processes and the wastewater treatment system, to 
characterise the environmental performance of the factories visited in addition to secondary 
literature sources. The validity of collected data was further ensured through agreed feedback on 
interview summaries to interviewees particularly on technical issues and quantitative data to 
ascertain accuracy. 
During the field visits, we collected data on the same topic from different interviewees. This 
method was employed in relation to the level of efficiency of the existing wastewater treatment 
station of the selected case studies. To this end, we extensively discussed this issue with technical 
service staff, maintenance staff and the operational units of the CDC and further investigation on 
basic principles of wastewater treatment performances (including design, environmental 
biotechnology, chemical and biological processes) was carried out in Roskilde Kommune 
Environmental unit (R/A Bjergmarken, a WWTP) and in the department of Environment and 
Resources in DTU for better analysis and appraisal. 
In all interviews with key actors embedded in the CDC rubber industrial environmental 
institutions and actors, literature review and additional exploratory research in Denmark helped us 
to triangulate the collected data and validate the study. We therefore attempted to validate the data 
collected during the field visit by triangulation16 referred to as multiple sources of evidence 
(Applications of case study research-Design and Method, Robert K.Yin, 2003). Table 2.1 below 
shows the detailed list of the groups interviewed. 
This simply means that we first reviewed relevant literatures on natural rubber production and its 
negative environmental impacts. This was closely followed by an examination of the Cameroon 
industrial environmental policy towards industrial pollution abatment. Based on this background 
we attempted to analyse a case study on potentials for environmental reform in a corporation, with 
                                                 
15
 Decree No. 2005/3089/PM of 29 August 2005 defining the pollution tax base, water use and revenue recovery 
procedures 
16
 The concept of triangulation emphasises that data concerning a particular aspect, in our case the environmental 
performance characteristics of natural rubber processing, are gathered from various sources (visual observation, 
interviews, literature study) 
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a view to draw lessons that may contribute to environmental innovation-informed policy 
development for the rubber sector. 
 
  
The preceding activities allowed the analysis of collected data. Two cases of the CDC rubber 
industrial units (factories) were analysed through a comparative evaluation of both their 
similarities and dissimilarities using a network analytical tool. This network model was applied in 
the analysis of Tiko and Mukonje cases to first understand how and to what extent different actors 
and institutions within the CDC rubber-based industrial network influence environmental 
innovations process that is capable of transforming the rubber industrial production system; and 
second to generate ideas for modelling innovative environmental management, policy and 
industrial reform alternatives.  
Appendix C shows the complete list of the interviewees 
 
Category of groups 
interviewed  
Detailed list Venue 
Governmental agencies at the 
level of central administration 
Ministry of Environment and Nature Protection  
(Division of Norms and Standards), Ministry of Mines, 
Industry and Technological Development (Division of 
Industrial risks)  
Yaounde, the 
capital of 
Cameroon 
Governmental agencies at the 
level of provincial 
administration 
Provincial Delegation of the Ministry of Environment 
and Nature Protection, Provincial Delegation of the 
Ministry of Agriculture and Rural Development, 
Provincial Delegation of the Ministry of Industries, 
Mines and Technological Development 
Buea, the head 
capital of the 
South West 
Province 
The CDC Group rubber and 
related staff 
Managers in charge of training, Group Rubber 
Manager, Manager Rubber production, Operational 
Research Manager, Exports sale management, 
Industrial units Managers, Technical Services 
Department, Rubber factory engineering maintenance, 
health unit, field and factories employees  
Tiko, Limbe, 
Mukonje and 
Penda Mboko 
in the Fako 
Division - 
South West 
Province 
University  Department of Geology and Environmental Science – 
University of Buea 
Buea 
Research Institution Research Institute: Institute of Agricultural Research 
for Development (IRAD) – department of Rubber 
Production 
Ekona 
Municipalities Tiko municipality and Limbe Urban Council Tiko & Limbe 
Civic society organisation  Local NGO CERUT (Division of Project Development, 
Implementation, Monitoring and Evaluation) 
Limbe 
Independent Media Editing staff of Eden Radio Limbe 
Community based 
organisations 
Christ The King College Tiko 
Table 2.1: Overview of the target groups interviewed 
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2.5 Design strategies to conduct the study 
In all the procedure chosen in the study to generate and apply cleaner technology model was 
composed of the following items (Figure 2.2): 
i. Secondary data collection: The review of relevant literature in the discourse of cleaner 
production technology, natural rubber production and environmental impacts 
(production systems, processing, market chain, market trends, major environmental 
impacts of rubber industrial grade products and best environmental practices). Also 
primary data collection and case study data (general plantation data, geographical, 
socio-economic and environmental profiles of the case study factories). 
ii. Modelling of cleaner technologies options to curb pollution arising from natural rubber 
processing, through improved processing and effluent (wastewater) management 
iii. Actor network analysis (which surrounds the CDC Group rubber) to drive or constrain 
environmental innovation within the CDC 
iv. Design of alternative regulation adapted to the Cameroon context and in a way that 
creates knew knowledge base to shape and support environmental innovation in the 
CDC rubber factories (derived from the lessons learned from the field and useful ideas 
from BEP, BAT and /or BMP) and Cameroon industrial web as a whole. 
To conclude, this chapter has discussed in details the relevant methods for the study. In the next 
chapter, we present in detail the theoretical discussion.  
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Figure 2.2: Design strategies to conduct the study 
IV 
II 
III 
Network analysis: Assessment of institutional 
framework and actors involved in the greening 
process of Natural rubber processing of the CDC 
Package of tools offered by BAT, BEP 
and/or BMP 
Strengthen the knowledge network to bring about environmental performance of the CDC rubber factories 
Reconfiguration of environmental regulation 
to create a supportive and/or conducive 
environment to facilitate, drive and promote 
industrial environmental innovation reforms 
A step toward more environmentally 
innovative natural rubber processing 
factory-based of the CDC 
Review of relevant literature and collection of secondary data 
Pollution abatement strategy 
Assessment of Cameroon institutional, legal an regulatory 
framework towards abatement of industrial pollution Field visit: Site visits and survey on 3 CDCs rubber factories in Cameroon and selection of Tiko factory for an in-depth case study 
 
Analysing the Constraints and barriers 
towards the adoption of clean 
technology 
Environmental norms / 
standards 
(Demands of regulation) 
and demands in business 
relation 
Assessment of the current production processes 
(Tiko and Mukonje rubber-based factories) Interview of the Managers of the CDC Group 
Rubber and other CDC technical staff 
Perception on 
Environmental 
innovation (the type of 
cleaner technology) 
Production technology and 
environmental impacts 
Existing (or non existing) 
treatment plants 
Alternative clean technology options 
(which benchmarks environmental 
improvement and production cost 
reduction) 
And 
 
And 
 
And 
Cleaner technology modelling 
And 
 
Nota: The dash lines and dash 
frames are more the pillars of 
the recommendation than core 
topic of the discussion, which 
will be presented in the study. 
I 
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3. Conceptual Framework: Ecological modernization, environmental 
management and industrial transformation  
3.1 Introduction  
In Cameroon, industrial pollution is still an environmental challenge widely discussed in the 
media by experts to create public awareness and environmental policy development experts to put 
pressure on stakeholders/actors to adopt actions and policies that can improve the environmental 
performance of industrial (Alemagi, 2006; Pefok, 2007).  
In this chapter we explore some of the issues related to industrial transformation within the 
framework of ecological modernization by seeking to understand the roles various actors 
(industrial and non-industrial) play in improving waste management and environmental 
performance within companies via pollution prevention at source and waste minimization 
technologies or “cleaner technologies”. This background is important because it strengthens our 
choice of network model as a sociological analytical tool and familiarizes our audience with our 
opinion on the possibility of initiation or advancement of industrial environmental transformations 
in Cameroon’s natural rubber sector. This network model shall be used in the empirical research 
to understand the potentials of “cleaner technologies” in waste management and the role of the 
industry’s social environment in improving environmental performance of CDC rubber factory. 
Starting with an introduction, we proceed to section 3.2 and examine the concepts of ecological 
modernization theory. Sections 3.3 is about ecological modernization theory potentials in 
Cameroon, thereof we present the sociological analyses of industrial transformation and 
environmental reforms using network concepts and developed as a “Quartet-network” model 
aimed at facilitating empirical research and practical application of the ecological modernization 
theory at industry level and in the context of a developing country in section 3.5. This shall enable 
us use the analytical model in our case study to understand how actors and institutions enable or 
constrain environmental transformation in the rubber sector in addition to the strengthening 
influence of knowledge networks, draw some case-specific conclusions to be used later in the 
report to forge possible integration into the environmental policy development of natural rubber. 
Despite empirical evidence of industrial pollution and calls for industries to improve their 
environmental performance, there is a big literature gap in understanding environment-informed 
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industrial transformations in the Cameroon context. The natural rubber industry, point source of 
industrial pollution is in need of such documented literature. 
3.2 Ecological modernization theory 
To start with, when using EMT and network model to study industrial systems transformation and 
adoption of cleaner technologies, we face the challenge that successes of EMT application have 
been registered in few countries in Western Europe (The Netherlands, Germany) and also that 
literature and studies related to EM concept have been rarely employed in many developing 
countries especially Cameroon. Therefore the literature selected for the present research is drawn 
from authors in the Western Europe and some recent studies carried in South East Asia in the 
realm of environmental reforms in SMEs. 
According to Lam et al. (2005) Ecological Modernization Theory (EMT), founded on Western 
European institutions in the 1980s, offers a framework through which to explore and explain 
society’s response to environmental problems arising from industrial systems (production and 
consumption). In sympathy with Wattanapinyo (2006), and as a sociological concept on 
environment-informed industrial transformations, we share the view that EMT can provide some 
understanding and explanations on how environmental improvements and reforms emerge and 
how technological innovations, economic actors and market dynamics, political institutions and 
civil actors can play a key role to transform industrial systems towards adoption of environmental 
innovations with an ultimate target of sustainability. Proponents of EMT subscribe to an 
opportunity of institutional learning where capitalist economies can address environmental 
problems through the ecological restructuring of industrial production processes targeting 
improvements in resource efficiency. Thus environmental protection is achievable with 
substitution of pollutants and non-renewable materials with environmentally friendly and 
renewable ones, recycling and waste minimization, and reduction in material and energy use 
(Revell, 2007). 
Transformation and societal change constitute the core of sociology where Mol and Spaargaren 
(2006) argue that one of the major tenets lies in understanding how these changes take place most 
especially in relation to what are the main agents triggering change and which structural 
properties of social system enable or constrain transformation. It is abundantly clear in the 
literature that processes of environmental reforms reflecting transformations in technological, 
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social and institutional spheres act as enablers that create favorable and supportive context in 
which technological prescriptions can be identified and deployed; these transformations are 
embedded in environmental innovations that initiate ecological restructuring of industrial 
production and consumption systems (Lam et al. 2005). In the context of this research we 
consider ecological restructuring of an industrial system as being driven by environmental 
innovation within firms. 
The development of EM from mid-1990s has been posited on two conflicting schools of thought 
propounded by Hajer (1995) and Mol (1995). Hajer’s thinking stresses on cultural politics and 
discourse, claiming the adoption of EM concepts promotes the interest of the policy elite rather 
than objective truth. On the other hand, Mol (cited in Revell, 2007) states that EM is driven by 
reflexivity of modern institutions (science, industry, civil society and the state), which reorganize 
themselves to address ecological risks. He further maintains that these modern institutions have 
successfully reconciled economic growth and environmental risks in the developed industrialized 
countries. Science and technology are seen to play a crucial and positive role in resolving 
environmental risks; meanwhile the role of the state in environmental policy is also evolving 
from: “curative and reactive to preventive, from ‘closed’ policy making to participative, from 
dirigistic to contextually ‘steering’” (Mol, 1997, pp.141). This political modernization process 
involves the shift of responsibilities from the state to the market (most efficient in the 
management of ecological risks). In this light, Revell (2007) sees industry as a key actor in the 
environmental reform process, more or less considered by economic agents as a business 
opportunity. The civil society and public interest groups participate in policy making and act as 
arbiter between the state and industry.  
 Key features of EM  
The following five key social transformations are at the centre of ecological modernization (Mol, 
1997 cf Revell, 2007.) 
o The changing role of science and technology (from perpetrating to preventing 
environmental problems). 
o The increasing importance of market dynamics and economic agents in ecological 
restructuring (greening of industry) 
o The changing role of the state (from ‘command-and-control’ to contextually ‘steering’ 
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o Changing discursive practices and emerging ideologies (championing the compatibility of 
economic growth and environmental protection). 
o The changing role and ideology of social movements (from radical to reformist). 
The aforementioned social transformation pillars ascribed to the ecological modernization project 
position EM as a major tenet of environmental policymaking in western industrialized nations 
(Revell, 2007). These pillars can also contribute to build the capacity of actors/institutions to 
address environmental problems in terms of investments in research and development and 
promotion of environmental best practices.  
It is argued in the literature that ecological re-orientation of industrial systems is embedded in 
environmental innovations. The next section seeks to relate importance of this concept in the 
context of this research. 
3.2.1 Environmental innovation 
Environmental innovation is a decisive factor integrated in the core elements of EMT. In addition 
to technological innovations that drive environmental reforms, the role and importance of society 
and institutions in industrial transformation is a recent creation (Sprenger et al., 1999; Freier, 
2000; Murphy, 2001; Lam et al., 2005). Institutional innovation is here defined as ‘new norms and 
behavior which private or public institutions adopt to stimulate technological, social and 
institutional environmental innovation during processes of ecological restructuring’ (Lam et al., 
2005). Institutional innovation can also engrain ‘… the emergence and creation of new rules 
which use incentives or obstacles to stimulate more technological, social or even further 
institutional environmental innovation by social actors, including economic subjects’ (Sprenger et 
al., 1999). Freier (2000) maintains that environmental innovation produces transformation of 
practices and cultures in institutions and societies as well as improvements in economic and 
environmental performance. The typology of environmental innovation takes two perspectives, 
“preventive” and “reactive” (Lam et al., 2005). The preventive measures aim at 
prevention/minimization of waste production, pollution and/or environmental degradation at 
source. On the other hand, reactive or curative measures target the treatment of unavoidable 
environmental problems attributed to specific processes of an industrial system after pollution has 
already taken place. This involves the mitigation of pollution, waste and/or environmental 
degradation using end-of-pipe waste treatment technologies and disposal in an environmentally 
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friendly manner. But it is important to integrate these approaches in environmental policy 
development for the sake of efficiency and effectiveness. Lam et al. (2005) maintain that 
institutional transformation relates to the reflexivity of social institutions and actors, for instance 
governments, industry and we add civil society organizations and media in response to ecological 
crisis. This view is also shared by Beck arguing that institutional reflexivity process reflects the 
specific meaning that modern society and institutions attach to environmental crisis and build up 
the capability that reflect on social conditions and change them as such (Beck, 1994 cited in 
Søndergård et al., 2004).  
3.2.2 Critiques of EMT 
In the context of our study we do not share the views expressed in the “weak” version of EM 
(Christoff, 1996), which narrowly focus on environmental concerns such as resource management 
and inputs, waste management, energy efficiency and pollutant emissions. Here more emphasis is 
on the monetary value of the environment while marginalizing non-monetary values such as 
broader social and cultural needs and non-anthropogenic values. This approach is engrained with 
neo-corporatist style that includes industry representatives and politicians while excluding large 
population segments in the management of environmental problems. We think that a resilient and 
more ecologically focused industrial transformation should adopt a “strong” version of EM. It 
advocates sweeping changes to society’s institutional structures and economic system making 
them more resilient and responsive to ecological concerns 
3.3 Ecological modernization potentials for Cameroon 
To begin with, and as stated in the introduction of EMT section, there exist little literature and 
applications of the concept of EM in as much as developing countries are concerned. What then 
could frame the applicability of EM in the context of Cameroon for instance is well expressed by 
some scholars who argue that: 
‘If ecological modernization theory is to be used to outline a feasible path of environmental 
reform, it has to be refined, however, to fit the specific local conditions and institutional 
developments of industrializing countries’ (Frijns et al., 2000:257). 
In fact some elements of EM theory have been applied in Cameroon with possibilities for 
expansion. The popularization of the concept of ‘Sustainable Development’ in the Brundtland 
Report, Our Common Future in 1987 by the World Commission on Environment and 
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Development (WCED, 1987), the provisions of Agenda 21 of the UNCED Conference in Rio de 
Janeiro (1992), triggered an avalanche of environment-related institutional innovations in the 
1990s. The Ministry of Environment and Forests was established, National Environmental 
Management Plan aimed at the integration of environmental policies into the overall economic 
development strategies of the country with a long-term view. Sustainable industrial development 
became more important in the policy-making processes rather than solely economic growth.  
EM ideas are evident in the government’s key policy documents on the environment. For 
instance, ‘Law No. 96/12 of 5th August 1996 relating to Environmental management’, stipulates in 
article 9 section b that: “The principle of preventive action and correction (through priority at the 
source reduction) of threats to the environment is by far using the best available techniques at an 
economically acceptable cost” 
Moreover coercive economic instruments are provided for in environmental policy of Cameroon. 
“Industrial establishments importing equipment to enable them eliminate green house gases like 
carbon dioxide, chlorofluorocarbons, in their manufacturing process or in their products, or to 
reduce any form of pollution shall benefit from a reduction of the custom duty on these 
equipment; the proportion and duration of which shall be determined by the Finance Law as and 
when necessary”. (Law No. 96/12 0f 5th August 1996 relating to Environmental management, 
Article 76 sub-section 1) 
Environmental modernization has particular resonance with government strategies for improving 
the environmental performance of the industrial sector. Environmental policy makers create 
favorable conditions for environmental technology transfer. For instance, enterprises in the foam 
and refrigeration manufacturing sector benefited from technology transfer to upgrade factory 
production equipment financed under the framework of the Montreal Protocol to eliminate ozone 
depleting substances (CFC 11 and 12). This was accompanied by capacity building program of 
the personnel. Within the implementation of the ‘Large Marine Ecosystem of the Gulf of Guinea’ 
Project, Cameroon benefited through transfer of equipment and know-how in the quantification 
and control of industrial effluents (UNIDO, 2002).  
Polluting firms have resulted to self-regulation enshrined in EMS. Economic agents and market 
dynamics play an important role in ecological modernization project. Michelin France is key 
customer of natural rubber from Cameroon and conducts regular visits to industrial grade rubber 
  
                                                                                                                                             
28 
suppliers to ensure that quality standards (ISO 9000 and SRM) are respected. This falls within the 
context of product stewardship.17  According to Alemagi (2006) industries adopting EMS are 
driven by pollution reduction, protection of human health and safety of workers, while 94% of 
industries acknowledged environmental benefits, 76% economic benefits and 35% improved 
relations with the regulators. The major constrains to EMS adoption were financial, insufficient 
knowledge and shortage of skilled labour. 
Global environmental policy diffusion, international environmental conventions and agreements 
to which Cameroon is a signatory have impacted environmental policy and institutional 
developments in Cameroon. For instance, institutionalization of environmental policy planning 
through the creation of inter-ministerial Committee composed of government ministries, 
administrative bodies, industry, NGOs and civil society representatives. 
Empirical evidence in EM literature indicates that the globalization of environmental problems 
has shifted the Eurocentric application of EMT to other parts of the world in the recent years and 
mostly in the Asian region in agro-industries (Sonnenfeld, 2000, Chavalparit, 2006, 
Wattanapinyo, 2006). In Cameroon environmental research (Alemagi, 2006) and the media have 
reported on environmental degradation arising from industrialism as stated in the following 
excerpt:  
‘Environmental experts alarmed by industrial pollution in Douala’ (Pefok, 2007) 
These environmental postulations always call for industries to improve their environmental 
performance. According to Kemp and Arundel (1998), organisational environmental innovation 
can contribute to industrial environmental management to be discussed in the following section. 
3.4 Environmental Management in industrial enterprises 
In the context of this research, we do consider environmental management system as a tool to 
assist the case company, achieve both environmental and economic goals through grater focus on 
systemic problems rather than individual deficiencies. As such EMS involves monitoring of risks 
and the emergence of an in-built system of upkeep and review. The basic elements of EMS are 
well illustrated by Mebratu (2000). He went further and states that continual improvement as the 
core element of environmental management results from system-oriented management include: (i) 
                                                 
17
 Revealed during an interview with CDC senior management staff in March 2007 
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the determination of the root causes of systemic deficiencies, (ii) the identification of 
opportunities for improvement of environmental performance, (iii) the development of corrective 
actions to address root causes, (iv) the verification of the effectiveness of the corrective and 
preventive measures leading to documentation of changes from process improvements.  
New practices that help organizations to avoid or reduce environmental negative impacts can be 
considered a form of environmental innovation (Renings, 2000). It is reported in the literature that 
a firm’s decision to adopt environmental management practices18 is complex and affects business 
decision-making and the overall activity of a company (Halila, 2007). According to Gottlieb et al. 
(1995), many firms prefer pollution control rather than prevention in order to address pollution 
outside of the production process. ISO certification is one of the Environmental Management 
Systems adopted in the CDC rubber industry19. Improved environmental performance is imbued 
with some benefits.20 Therefore, export-oriented companies supplying international markets need 
to develop environmental management capacity to embrace the challenges of increasingly 
competitive global markets. Details on environmental management approaches capable of 
improving the environmental performance of the natural rubber industry shall be discussed in 
section 4.4. 
Ecological modernization has both prescriptive and analytical perspectives. Our objective here is 
to understand how a company’s social environment (institutions, social structures and actors) 
influences the adoption of environmental innovations - cleaner technologies - capable of 
improving the environmental performance of a firm. We draw our inspiration from the triad-
network (Policy network, business network and civic society network) conceived by Mol (1995), 
which is theoretically used as an analytical tool to understand the relations between an industrial 
system and its institutional environment. In order to reflect this in the Cameroon context, we have 
considered, in the next section, to distinguish the knowledge network (as a network on its own) in 
the development of a conceptual model called a “quartet-network model” to analyze potentials of 
environmental reforms in the CDC rubber sector. We now move on to analyse concepts related to 
business, societal, policy and knowledge networks. 
                                                 
18
 Include environmental audits, total quality management, pollution prevention plans, environmental training of 
employees, environmental standards for supliers 
19
 ISO 9000 defining quality management 
20
 Cost savings, increased efficiency, increased market opportunities, increased ability to comply with environmental 
legislation and regulations, customer satisfaction, improved relation with stakeholders, and increased motivation, 
loyalty, and commitment from and communication with employees (Roberts and Robinson, 1998 cf. Mebratu, 2000) 
  
                                                                                                                                             
30 
3.5 Network Analyses: Towards a ‘Quartet-network’ model 
As explained in the previous sections environmental innovations that contribute to ecological 
restructuring targeting sustainability of an industrial enterprise are better understood by examining 
the role of actors and institutions in which a particular firm is embedded and that can influence its 
greening process. 
Mol and Spaargaren (2006) argue that environment-informed industrial transformations unfold 
within dynamic and distinct settings rather than automatically. In order to understand how 
individual companies, industrial sectors and industrial systems take into consideration ecological 
risks, it is absolutely necessary to be more precise about the roles being played by both industrial 
and non-industrial actors under certain conditions. This would require the use of sociological 
analytical tools that relate industrial firms to the societal, business, knowledge and policy 
environments, thus constituting a network model. A crucial advantage of the network models lie 
in their capability to combine both the structural properties of the institutions and the interactions 
between actors embedded in the network. Networks represent social systems in the sense that 
actors are involved in almost permanent and institutionalized interactions.  
Moreover it is a fact that firms often are confronted with a lack of coordination and are not 
isolated but are related to - and embedded in complex socio-economic systems and that translating 
innovative models into reality requires an in depth analysis of the complex social, economic and 
political relations between the industrial system, actors and institutions (Kemp et al., 2000; 
Chavalparit, 2006). The understanding of these existing relations between industrial system and 
its external environment (government agencies, economic entities, knowledge centres and social 
actors have two major objectives for this research: (i) identify existing obstacles or drivers that 
can influence the implementation and introduction of waste prevention and minimization 
technologies options (see Figure 3.1) and (ii) use this understanding to elaborate strategies and 
build a knew knowledge base for the purpose of improving the environmental performance of 
primary rubber processing industries of the CDC. 
Drawing from similar research fields (Mol, 1995; Wattanapinyo, 2006), a systematic analysis of 
the complex relationship between firms and their social environment would therefore require the 
employment of an analytical tool that can inform, guide, frame and focus on existing interactions 
and relations between actors within and outside the industrial system in addition to the institutions 
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that govern and structure these relations and interactions. The appropriateness of network 
analytical model lies is in its use in similar research studies, complex nature of relations and 
institutions of the rubber industry and combination of both the institutional structural properties 
and inter-actor interactions in the construction of a network (ibid: 23, Van Koppen and Mol 
(2002).  
Contemporary innovation studies prime ‘systems’ approaches for innovations at the level of the 
firm, best understood as involving complex interactions between the firm and its environment, can 
be captured at two different levels: (i) interactions between firms (i.e. between a firm and its 
network of customers and suppliers involved in a relatively cooperative relations which shape 
learning and technology creation; and (ii) broader factors shaping the behavior of firms for 
instance, the social and cultural aspects, the institutional and organizational framework, 
infrastructures, processes which create and distribute scientific knowledge (Kemp et al., 2000). It 
is further argued that firm level innovation is a variegated, multi-actor process, which occurs in 
networks (ibid) 
Wattanapinyo (2006:23) defines networks as “social systems in which actors engage in a more or 
less permanent, institutionalized interaction.” He further claims that a network is a set of actors 
connected by a set of ties constituting a specific social relation. A network analysis can be defined 
as the study of social relations among a set of actors in search of how the social structure of 
relationships around a person, group, or organization affects beliefs or behaviours (Roger, 1986 
cited in ibid). Network analysis has been used in several cases cited in the literature: data 
collection and analysis, comparison of relationships between organizations within a network, 
fundamental intellectual tool for the study of social structures, policy management studies world 
wide, identification of ways in which weak and strong ties enable or impede firms access to 
information and expertise cited in Wattanapinyo (2006). 
Cases have been reported on the use of network models in ecological modernization research 
analysis that inform socio-environmental changes in industrial systems (ibid; cf. Mol, 1995; Dieu, 
2003; Chavalparit, 2006). 
3.5.1 Business network 
According to Mol (1995) the ‘economization of the ecology’ plays a key role in the 
transformation of the industrial system by using economic concepts, actors, mechanisms, 
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institutions and principles. This is buttressed by the emphasis placed on the monetary value of the 
environment in the EMT. The key players in an economic network logically include economic 
agents with economic goals and rationality as their primary motive. This interaction would 
normally be premised on economic rules and resources between economic agents in industrial 
chains, systems or sectors. Formal and informal economic rules include markets, ownership, 
patents, liability, negotiations and cooperation; while economic resources comprise raw materials, 
scientific and technical knowledge, financial facilities, power, information and access to networks 
or relationships. 
Relations in economic networks can be vertical (input suppliers, producers and final consumers), 
and horizontal among competing firms in the same sector or through branch organizations; or just 
neutral relations with economic agents such as banks, insurance companies, research institutes, 
infrastructure companies. The CDC rubber processing factories with export-oriented corporate 
strategies are affected in one way or the other by these interactions. This will then give us an 
opportunity to use this concept of the quartet model to analyse and assess the degree of 
enablement of economic actors, institutions and interactions in the quest to improve effluent 
management in the CDC rubber factories and still generate income (see chapter 6). 
3.5.2 Policy network 
The concept describes and analyzes the relations between the public and private actors in some 
policy areas. Wattanapinyo (2006) claims that policy networks depict a group of public and 
private actors interconnection based on resources such as information, expertise, money and 
legitimacy. In the specific case of industrial restructuring driven by environmental values, the 
main emphasis is placed on government-industry relations that generate policy incentives or 
disincentives (legislation or institutions) to support industrial sectors. The discourse is on policy 
processes, dynamics, power relations, institutionalized patterns, changing roles of government and 
partnerships between industry and government.  
3.5.3 Civic society network 
Societal network analysis in this study shall be used to examine the interactions between factories 
and the civil society that may effect some changes (externally) in the production processes and 
products. Civil society shall be understood in the context of our study as local communities, local 
and national social organizations and institutions that govern and “voice out” the interests and 
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concerns of the civil society such as media, NGOs, community groups, women associations. The 
objective of the social network analysis is to discern the character of the relationships such as the 
level of interdependency among actors and resource used (scientific information on industrial 
environmental problems, mobilization of state intervention and dissemination of ideas/interests 
via the media to galvanise general public backing). Whilst the civil society mechanisms in their 
interaction with industry (in highly developed economic and democratic societies) include the 
following: Regular or irregular communications, negotiations, product campaigns, protests at 
company headquarters, monitor and control enforcement of regulations, pressure on the state act 
to and creation of general public awareness, capacity building of target groups on industrial 
ecological crisis and mitigation/prevention approaches; NGOs are yet to be entrenched in most 
developing countries as for the case of  Cameroon. However, and fortunately, we are of the 
opinion that there exist potentials to strengthen the notion of community rights to know, whereby 
information and monitoring requirements (about accessibility to environmental information and 
facilities to allow meaningful interpretation of the data) of industrial activities can empower active 
citizens. As such, what we intend to emphasise here is that community-driven regulation has the 
potential to growth in importance in the near future in the case of a direct environmental impact 
on the community. 
3.5.4 Knowledge network 
The improvement of the environmental performance of the CDC rubber industry is most likely if 
environmental knowledge and public awareness among actors and institutions are taken into 
consideration in environmental policy and management of an industrial enterprise. These factors 
are embedded in the knowledge network of a company. Knowledge networks can be described as 
the conditions, under which environmental knowledge is produced, distributed, interpreted and 
applied (Jänicke, 1997). Jänicke further claims that available knowledge about threats and 
options, environmental consciousness constitute an immediate and crucial resource for 
environmental actors since lack of knowledge translates to no (noticeable) environmental 
problem, no public awareness and definitely a stalled policy process. Thus capacity in 
environmental protection is associated with improvements in informational and communicative 
capacities of the stakeholders of an enterprise. According to Hansen et al. (2002) knowledge 
network is composed of suppliers, customers, environmental authorities, technological service 
centres, knowledge research institutes and universities etc. The claim here is that it is through 
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these networks that actors and institutions reflect, perceive and communicate environmental 
knowledge capable of ecologically restructuring of an industrial system.  
3.6 Analytical framework: Towards a Quartet-network model 
In order to enable us conduct an empirical analysis of our case studies, we shall employ the 
classical triad-network model (methodology) developed by Mol (1995) complemented by the 
knowledge network to analyze changing interactions between industrial systems and their 
institutional environment that can influence the environmental improvement of the CDC rubber 
factories. Figure 3 below indicates four network groups, which surround the CDC. Another 
application shall be to understand how these interactions in the factory’s external environment 
enable or constrain environmental reforms of the rubber sector. 
It is worth mentioning that there are at least two different perspectives when dealing with the 
network model. This research primarily analyzes the actual network surounding the focal 
enterprise and secondly, based on the case study findings, tries to investigate company’s network 
response and capability to support such environmental change processes. In other words one thing 
is to understand that the environmental performance of a company is embedded into the 
institutions and knowledge networks, and another thing is to appraise the demand for a network to 
make it possible for a company to innovate. 
In summary, our conceptual background for this research has been based on three concepts 
namely ecological modernization, environmental management and network models. These 
concepts will be used to study and understand the potentials of cleaner technologies in the 
ecological restructuring of the CDC natural rubber industry in Cameroon.  
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The conceptual framework chapter has reviewed and discussed a number of theories and 
standpoints which will be applied in the entire study. As part of the analytical framework, we 
present in the next chapter an analysis of natural rubber and the environment; whereby emphasis 
is put on natural rubber (which is seen as a strategic crop) and the various options that may exist 
to environmentally improve its effluents processing and management.   
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Fig 3: CDC’s Quartet- Network Analytical Model, adapted from O.E. Hansen et al (2002) 
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4. Natural Rubber Processing industry and the Environment 
Corporate environmentalism is becoming much stronger at international and national circles due 
to the increasing awareness of industries’ contribution to environmental degradation. This creates 
a dilemma for industry seeking economic gains and facing increasing pressures (both internal and 
external) to change behaviour towards environmentally friendly industrial production systems. 
The challenge lies in the adoption of strategies and environmentally benign technologies at 
corporate level taking into consideration both the firms’ internal and external environments. Our 
aim in this chapter is to analyse the industry-ecological relations relevant to natural rubber 
production sector, economic importance, environmental impacts and potential waste management 
options whose adoption can re-orient environmental management practices and constitute an 
initial step towards environmental innovation process strategy at the company level. We start the 
chapter by presenting the strategic and global importance of natural rubber. The analysis of the 
development of natural rubber processing industry in Cameroon is presented in section 4.2. In 
section 4.3 the environmental impacts of natural rubber processing are presented. Further, 
potential approaches to improve the environmental performance via integration of “Cleaner 
technologies” in a firm’s management strategies are analysed in section 4.4.  
4.1 Natural Rubber: A strategic and global agricultural raw material   
Most commercial natural rubber is obtained through processing of latex or field coagula. Latex 
exudates from the rubber plant specie called Hevea brasiliensis, is believed to have originated in 
the Amazon basin in Latin America. Presently, the cultivation of this species is noticeable in most 
tropical countries from Latin America, Africa and South-East Asia. According to the International 
Rubber Study Group ‘Rubber Industry Executive Summary Report for January/February 2007’ 
Thailand and Indonesia continue to dominate the global natural rubber market accounting for 32 
and 26 per cent of production respectively, while Vietnam is becoming a key producer at 509,000 
metric tones in 2005. China currently consumes about one-quarter of global consumption of 
9,000,000 metric tones in 2005 (IRSG, 2007). In Box 4, the strategic importance of the rubber 
industry and its potential environmental impacts in facts and figures can be appreciated. Africa is 
also a marginal natural rubber producer and exporter compared to all of South-east Asia and this 
is dominated by Côte d’Ivoire, Liberia, Nigeria and Cameroon. It represents a fairly significant 
foreign income source for the exporting countries.  
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In 2003, Africa natural rubber exports accounted for only 3.6 per cent of total global exports but 
projected production for 2010 is estimated at 476,000 metric tones. Côte d’Ivoire was the leading 
producer in 2005 at 153,000 metric tones (FAO, 2003).  
In terms of production and exports, Cameroon appears to be a key player among the major 
African natural rubber exporters between 2000 and 2003 (Figure 4.1).  
 
 
 
 
 
 
 
 
 
Production                                                             International Trade 
Area under cultivation        7.7 million ha            Share of World Production            84% 
Global Production               6.8 million MT          Exports                                          5.7 million MT 
Average Productivity          888 kg/ha                   Average Price                               $680 per MT 
Producer Price                     $395 per MT              Value                                            $3,876 million    
Producer Production value   $2,688 million 
 
Principal producing countries/blocs: Thailand, Indonesia, Malaysia, India, China, Vietnam, Sri Lanka 
(by weight) 
Principal exporting countries/blocs: Thailand, Indonesia, Malaysia, Vietnam, Liberia, Côte d’Ivoire 
Principal Importing countries: United States, European Union, Japan, China 
Major environmental impacts: Effluents from processing in the plantations and in processing plants 
Potential to improve: Good, very little expansion planting, BMPs are known and address most impacts, 
few inputs are being used, effluents are a problem but there are known ways to reduce them.  
Box 4 Rubber (Hevea brasiliensis) Facts and Figures 
Source: Adapted from FAO 2002. All data for 2000 
Fig 4.1: Major African Natural rubber exporting countries 
                Source: Authors calculations based on FAO Trade Yearbook Volume 56(2000); 57(2003)  
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Figure 4.1 indicates that rubber sector in Cameroon has undergone continuous growth in exports 
(quantity and value) from 2000 through 2003, culminating in 35.5 metric tones of natural rubber 
valued at US$ 32.2 millions (FAO Trade Yearbook Volume 56(2000); 57(2003)). 
The global strategic importance of rubber crop lies in the fact that it constitutes a key element for 
industrial development offering many uses in the transportation industries and hoses for all types 
of motors (Clay, 2003). It makes up 29 % of the rubber market and that certain products cannot be 
made with synthetic rubber, most of which are based on petroleum products. Airplane tires are 
100% natural rubber and automobile tires are 35-40 % natural rubber, both accounting for almost 
70% of the natural rubber market. The AIDS (acquired immunodeficiency syndrome) makes 
natural rubber an inevitable raw material in the manufacture of condoms and surgical gloves at 
lower costs compared to synthetic rubber (FAO, 2002). The natural rubber industry offers 
employment opportunities, poverty alleviation and contributes to economic development of some 
developing countries as agricultural raw material with huge potentials as source of foreign income 
through exports of semi-finished, high quality industrial grade raw materials. 
Natural rubber industry is characterised by a short market chain such that efforts are being taken 
by key players in the industry to vertically integrate rubber industry, creating strategic relations 
with plantation-based producers to guarantee supplies in quantity and quality. For instance, our 
case company is a strategic raw natural rubber supplier to Michelin France under a contractual 
agreement. 
A major characteristic of the rubber industry is its vulnerability to world market prices with 
consequential ramifications on the world supply and demand (due to the influence of synthetic 
rubber that appears to be a close substitute). Recently, ‘natural rubber prices continue their 
strength, although prices have weakened a little following the decline in crude oil prices’ (IRSG, 
2007). There has been growth in rubber prices from a historical low of $0.58/kg in 2001 through 
$1.50/kg in 2005 to $2.25/kg in 2006. The major drivers of the rubber prices were strong rubber 
demand (especially from China’s rapid economic growth rate) and high crude oil prices that 
increased the cost of producing substitute synthetic rubber. Global natural rubber production 
reached 8.8 million tons during 2005, almost 2% increase over 2004 and 2006 production about 
3% higher than 2005. China is the main consumer of rubber at present at slightly over 2 million 
metric tons in 2005   (Ibid).  
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The increase in rubber supplies over demand indicated that natural rubber processing has 
continued unabated in the plantations with a potential contribution to an ecological crisis. 
According to FAO (2002), one of the main environmental concerns with rubber production is the 
effluent (serum from the coagulation process and rubber wash water) from the initial stages of 
processing that most often occur in or closer the plantations. This arises in addition to other 
environmental impacts along the rubber value chain such as habitat loss, soil erosion from 
expansion of plantation agricultural production systems, heavy metals pollution at the use phase 
and unsustainable natural resource use (water, raw materials and energy) coupled industrial 
effluent from primary processing that degrades natural ecosystems (Clay, 2003). 
It is important to note that the industry provides jobs directly or indirectly to thousands of people 
around the world. Technologies and the social environment of rubber-based factories can be 
improved to address some of its negative environmental impacts.  
4.2 Development of Cameroon’s Natural Rubber Processing Industry  
4.2.1 Historical developments 
As earlier mentioned, Cameroon is a key African producer/exporter of natural rubber.  
Cameroon’s industrial sector has made tremendous contributions to national development21 and 
during the period 1990-2003, the average annual industrial output growth was 3.3% 
manufacturing (FAO Trade Yearbook, 2003).  
Of these industrial activities, processing of agricultural produce represents 9% of total industrial 
production in Cameroon worth FCFA 500 millions in value added and employed 60,000 people 
based on 1998/1999 (Alemagi, 2006). Figure 4.2 below depicts the geographical distribution of 
rubber-based plantations - among other cash crops - along the Alantic coast of Cameroon.  
Over the years, the natural rubber industry has made considerable contribution to national 
development and economic growth as foreign income source and creation of employment. 
Historically, prior to the introduction of natural rubber species (Hevea braziliensis) in Cameroon 
in 1898 by Dr. Preuss, more than 300 tones of rubber had already been exported in 1892 from 
                                                 
21
 About 79% of the national industrial is attributed to 500 industrial units, conveniently grouped into: food 
processing and tobacco, textiles & accessories, chemicals & mining, building & transport, paper & pulp, wood 
processing, agro-industrial companies (Angwe and Gabche, 1997). 
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other natural rubber plants -Funtumia, Castilloa, Ceara species by colonial German companies- 
(Despin, 1979; Mbi, 2002). It is a leading strategic agricultural export commodity. 
Post colonial governments actively promoted agro-industrial enterprises22 as part of Cameroon’s 
political economic policy which led to almost 7% GDP growth rate prior to the onset of a decade-
long economic crisis triggered by sharp fall in world market prices of cocoa, coffee, cotton and 
crude oil, the major foreign income sources (Konings, 1990; UNIDO, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
22
 These agro-industrial enterprises were based on plantation production model (vertical integration of the agricultural 
and processing elements of the natural rubber value chain. The CDC (pending privatization) for the period 1981/82-
1986/87 benefit the government’s agricultural policy from late sixties onwards hinged on intervention in the sector 
whereby almost 60% of public funds in the Third and Fourth Five-Year Plans reserved for agriculture development 
was consumed by the agro-industrial sector 
 
Figure 4.2: Main cash crops and agro-industrial companies along 
Cameroon’s coastal zone. (Adapted from source: Folack, 1997 cf Alemagi, 2006) 
 
HEVECAM rubber -
based plantations 
 
CDC rubber-based 
plantations 
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4.2.2 Characteristics of the Agro-industrial sector 
The agro-industrial sector in Cameroon has three main characteristics according to Konings 
(1990): (i) oligopolistic agro-industrial enterprises dependent upon capital-intensive technologies. 
The CDC plays a major role in the sector especially in natural rubber production and processing. 
New technologies were adopted in the post-colonial era such as the use of high-yielding varieties 
of rubber, intensive use of chemicals, and labour-saving devices in factory operations. These 
enterprises were established and expanded on investments of foreign capital, technology and 
management. (ii) Predominantly located along the coast (Figure 4.2) and railways due to 
favourable climatic, ecological, demographic, socio-economic, land and policy conditions; (iii) 
predominant role of the state. Some of these characteristics have changed or in process of doing 
so due to the recent reorientation of agricultural priorities and macro-economic reforms pushing 
for a market economy where government shall play regulatory function while private sector 
participation in the production sector remains driving force of the economy. For instance 
Hevecam, formerly owned by the state, was privatized in the 1990s.  
The Sixth Five-Year Plan (1986-1991) enumerated the following problems in the agro-industrial 
sector, namely (i) unattractiveness to private investors, especially domestic private capital, (ii) 
vulnerability to world market price fluctuations, and (iii) non-competitiveness in relation to 
imported food products. Despite these problems the political elite continued to expand the sector 
for the following economic, social and political reasons. Firstly, agro-industries process 
agricultural raw materials to new products for humans and downstream industries thus sustaining 
the plantation economy. Secondly, most agro-based enterprises activities are labour intensive and 
create more jobs in rural areas; poverty reduction and consequently fostering balanced regional 
development. Finally, add value to agricultural produce before exportation, source of foreign 
income and thus contributes to economic development.  
From Table 4.1 there is clear evidence that the CDC is among national leaders in the natural 
rubber processing industry and is owned entirely by the state although pending privatization. It is 
important to note that some changes have taken place over the years in the parameters related to 
ownership, surface area under cultivation and of course the output. At the moment CDC is 
pending privatisation and currently has 19,517 ha under cultivation and producing 24,585 tones of 
differentiated natural rubber industrial grades (23% sheet rubber, 37% latex crumb rubber, 40% 
field coagulum grades). 
  
                                                                                                                                             
42 
Table 4.1 Natural rubber plantation-based agro-industrial enterprises 1982/1983 
Enterprise Year of creation Ownership Location Cultivated area 
(ha) 
Output (tones) 
CDC 1946/67 State South-West & 
Littoral Province 
19,438 11,726 
SAFACAM 1920s Foreign 
private/state 
Littoral Province 3,500 2,905 
PAMOL 1920s Foreign private South-West 
Province 
1,586 1,664 
HEVECAM23 1975 State South Province 11,831  
 Source: Adapted from Konings (1990) 
Natural rubber industry creates jobs, for instance the CDC Rubber Group has 5,811 employees of 
varying skills and know-how. 
Studies indicate that increased production costs and frequent breakdowns in the factory are 
responsible for process inefficiencies causing pollution. According to a UNIDO report 
“Cameroon Rio + 10 Assessment”, one of the structural weaknesses of the industrial sector in 
Cameroon lies on obsolesce of the production equipment in more than 62% of industrial plants 
(Mbi, 2002; UNIDO, 2002 This assertion was confirmed by an engineer in the CDC Tiko factory 
stating that “Some old and adapted electrical machines tend to consume more energy”. Natural 
rubber industry is export-oriented and constantly subjected to external pressures from fluctuations 
in world market prices and extreme competition from Asian region, international standards24, 
increasing production costs, environmental regulations and increasing stakeholder concerns and 
government’s economic reforms charting privatization. The competitiveness of Cameroon’s 
rubber industry will depend on its capacity to meet the said challenges. However, Cameroon 
rubber industry stands a good chance of improving its competitive advantage, capital can be made 
from its comparative advantage which lies in its favourable agro-climatic conditions, attractive 
investment charter, techniques and long experience in the rubber industry, final product quality, 
                                                 
23
 Privatized in the mid 1990s, HEVECAM was formerly state-owned and is currently among the national leaders in 
natural rubber processing. 
24
 ISO 9000, ISO 2000, ISO 14001 
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land availability and cheap labour, smallholder production potentials but the sector is hampered 
by lack of investment and absence of a strategic vision for the sector25 
4.2.3 Natural rubber industry and economic development 
Agricultural raw materials in 2003 accounted for nearly 19.5% of total exports from Cameroon 
valued at US$2246 million, while agricultural value added represented 44% GDP between 1992 
and 2003 growing at a rate of 6% per year26. The natural rubber processing industry is an 
important element of export-oriented industries in Cameroon and represents a key link in the 
natural rubber value chain. Approximately 90% of the primary natural rubber production (field 
latex and coagula) is transformed locally into various grades of industrial raw natural rubber27 for 
export markets in Europe. Natural rubber and gums for the period 2002-2003 represented 1.37% 
of Cameroon’s total exports and 0.49% of world exports.  
Figure 4.3 below indicates that natural rubber, in its primary form, has witnessed a steady rise in 
value and quantity from 2001-2004, earning export revenue of US$ 42,741 million in 2004. TSR 
exports (F.O.B) experienced a sharp rise from 2001 to 2002 but much less between 2003 and 
2004, resulting in the export quantities of 27,549 metric tons in 2004.  
 
 
 
 
 
 
                                                 
25
 World Bank Briefing Note, 2002 
26
 UNCTAD Handbook of Statistics 2005 page 162 
27
 Ribbed Smoked Sheet, Technically Specified Rubber and concentrated latex. 
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Despite rubber-industry’s significant contribution to export revenue and employment, 
environmental excesses resulting from its poor effluent management need the attention of relevant 
actors, institutions and residential communities locked up in the networks of the rubber-
processing factories. The following section addresses the environmental impacts of natural rubber 
processing industry. 
4.3 Environmental impacts of natural rubber processing 
Although the natural rubber processing has contributed significantly to economic and social 
development of Cameroon over the years and continue to do so, its externalities are yet to be 
integrated in the production costs. Its contribution to environmental degradation is linked to its 
inputs and outputs. Processing rubber (conversion of latex and coagulum into sheet, crumb 
rubbers and latex concentrate) starts with its harvest from the tree, then addition of chemicals 
(ammonia and then acid) for preservation. This primary stage of the processing creates large 
Figure 4.3 Natural rubber export grades (FOB) 2001-2004 
NB: Quantities (metric tons) and values (US$ million). 
Source: International Trade Statistics Yearbook 2004 
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quantities of effluent, as Clay puts it: “… In general 25 to 40 cubic meters of wastewater is 
produced for each metric ton of rubber produced” (Clay, 2003).  After the primary stage further 
processing can take place downstream using a process called ‘vulcanization28’ invented by 
Charles Goodyear in 1839 and which uses sulphur, lead, or zinc oxide and heat to stabilize natural 
rubber by preventing it from turning brittle when cold and sticky when hot (Chapman, 2002 cf. 
Clay (2003). It is important to note that the production of latex concentrate is the only process, 
which involves vulcanization. There are claims that the ongoing impacts of rubber production are 
mostly linked to processing29 and considered inefficient with regard to natural resources (water, 
energy and raw materials) use and environmental pollution from crop processing units, which 
cumulatively have become a serious concern in the natural rubber-producing sector (Mathew et 
al.,2000; Clay, 2003). The degree of negative environmental impact depends on the raw material 
input and expected quality final product in production process. Studies on industrial 
environmental pollution have established that agro-industries (natural rubber inclusive) have been 
contributing to natural resource depletion and the degradation of aquatic ecosystems (UNIDO, 
2002; Alemagi, 2006).  
We think that stringent environmental regulation, actors and stakeholder pressures have potentials 
to re-orient rubber processors towards more environmentally friendly attitude to abat 
environmental pollution if technical options provided in section 4.4 are integrated into the firm’s 
management operations and policy. The following section will seek to elaborate these claims. 
4.3.1 Natural resource depletion 
The natural rubber processing industry uses raw materials inputs (latex and field coagula, 
chemicals), water and energy in the production process whose quantities depend on the end 
product. Sadeesh et al. (2000) reported that water consumption in TSR units is about 25 L per kg 
of block rubber produced. Industrial water consumption is still considered “free” good in some 
companies in Cameroon (no payment of abstraction fees) due to weak enforcement of regulations 
                                                 
28
 Among natural rubber industrial grade producers in Cameroon, HEVECAM is the only firm who processes 
concentrated latex, which involves vulcanization. In the case of the CDC it is only pre-vulcanisation (addition of 
ammonia) that takes place on-farm to preserve and stabilize fresh liquid sap from deterioration. 
29
 Processing involves the conversion of liquid sap collected from the rubber tree to latex generates huge volumes of 
wastewater. Chemical aids are used in some processes such as formic acids, sulphur and heavy metal based 
compounds (lead or zinc oxide for vulcanization) according to Clay (2003). 
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on industrial water use and its abundance in some regions30. This results in lack of water 
conservation practices in industrial systems. However discharge of pollutants below 
environmental regulatory standards carries pecuniary sanctions. Water extraction for industrial 
use requires a permit issued by the Ministry of Water and Energy aimed at regulating natural 
resource conservation. 
In addition the fuel consumption of diesel/thermal fluid heater ranges from 50 to 60 L per ton 
TSR and electrical power 500 to 600 kW per ton of TSR produced. The RSS production process 
requires significant quantities of fuelwood as energy source. 
4.3.2 Environmental quality versus pollution 
The processing stages of rubber production are a major environmental concern because they 
generate wastes and emissions potentially harmful to the environment based on input materials 
and end products. This corroborates the assertion of Porter and van de Linde (1995) that pollution 
is an economic waste indicative of resource inefficiencies most evident within a company in the 
form of incomplete resource utilisation and poor process controls resulting in unnecessary waste, 
defects and stored materials. Rubber processing generates effluent twenty-five to forty times more 
than the volume of rubber produced (Clay, 2003). However, Table 4.2 indicates that processing 
lines generate effluents of varying properties and consequently different environmental impacts 
based on end products. However, in general solid wastes are mainly organic. 
Table 4.2 Properties of effluents from rubber processing factories 
Sources Properties 
Centrifuged latex RSS TSR Crepe 
PH 4.5 6.3 5.2 6.5 
Total solids 6000 2500 1500 750 
Suspended solids 15000 500 600 400 
COD 6000 3000 2500 1000 
BOD 4000 2000 1500 750 
Ammoniacal 
nitrogen 
500 10 50 10 
Total nitrogen 800 100 150 50 
(All values except pH are in mg/L) 
Source: Mathew et al., 2000 cf. RRIM, 1974) 
                                                 
30
 Articles 14 and 17 section B of Decree No. 2005/3089/PM of 29th August 2005 stipulates mandatory payments of 
industrial water use at FCFA 100 per cubic meter for consumption less than 1000 cubic meters and FCFA 50 for 
consumption above 1000 cubic meters. 
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In the absence of specific effluent characterization of the CDC processing factories, we used 
secondary data to compare the properties of effluent from processing of different natural rubber 
industrial grade products, as they are critical in the improvement of wastewater management 
system for a rubber factory 
Rubber-based factories in agro-enterprises are generally large with capacities varying between 1.5 
- 3 tones per hour in Cameroon. They produce various types of rubber products e.g. Cameroon 
Natural Rubber (CNR10 CG, ribbed smoked sheet, crepe, concentrated latex etc. In high graded 
rubber (CNR10 CG) production lines, a large quantity of water is used for washing and cleaning 
of raw materials (field coagula) to meet international quality standards31, generating a significant 
volume of wastewater which is acidic in addition to high uncoagulated rubber particles. 
According to Leong et al., (2003) the discharge of this effluent into the environment without 
treatment can cause eutrophication of the receiving water due to rapid bacterial biodegradation of 
these compounds. High levels of algae nutrients and water plants lead to oxygen depletion in 
streams and diminish aquatic-animal populations, reduces water quality value for other uses (e.g. 
drinking, swimming etc); lack of dilution during the dry season produce obnoxious odour in the 
neighbourhood of factories and run off problems during the rainy season creating health risks to 
the populations downstream (Yeow and Ahmad, 1983). 
Clay (2003) argues that the vulcanization of rubber is one of the most toxic industrial processes 
because it uses heavy metal-based compounds such as lead or zinc oxides. These heavy metals 
contaminate water bodies and are very toxic to invertebrates, freshwater and marine species. More 
than 3,000 metric tones of zinc are released worldwide into the environment every year from tire 
wear only and contribute 25% of anthropogenic release of zinc into surface water (ibid).  
About 28,389,991 tons per year of hazardous sludge32 are discharged into the Atlantic coast of 
Cameroon marine ecosystem of the Gulf of Guinea from industries (rubber inclusive) located in 
the region (Angwe and Gabche, 1997). At the Tiko creek section33 of the coastline between July 
and August 1998, nitrates and nitrogen concentrations ranged from 425.27-1671.26µgm per litre 
well beyond the maximum allowable concentration of 40 µgm per litre (Oben and Oben, 1999 cf. 
Alemagi, 2006).  
                                                 
31
 See appendix G: material flow of FC 
32
 Hazardous sludge may contain heavy metals, whose quantities are not defined. 
33
 Case study area 
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Table 4.3 indicates that organic load (BOD5) increased by more than 75% (authors calculations) 
between 1982 and 199634. During our field visits we observed signs of eutrophication along the 
drains35 from our case study that empty into the marine ecosystem indicating organic pollutants 
from industrial systems are still an ongoing environmental concern. 
Rapid growth has been observed in natural rubber production and exports (300 tones in 1889 and 
in 2003 almost 35,486 metric tones) and Cameroon is projected to produce 62000 tones at an 
annual growth rate of 0.4% from 1998-2000 to 2010 (FAO, 2003).  In reference to Table 4.3, 
there is a potential of greater environmental burden arising from the natural rubber processing 
industry in Cameroon. 
Chaiprapat and Sdoodee (2006) in a study in Thailand reported that sometimes rubber-based 
factories’ wastewater treatment systems are minimally maintained and not properly operated 
according to design which causes the quality of the effluent from the treatment system to degrade 
aquatic systems and unable to meet the industrial effluent standards.  
                                                 
34
 Though the facts presented are quite old, the reason of having them here is to clearly demonstrate that whilst 
Cameroon Government provided new provisons - in terms of environmental regulation and laws - enforcement and 
implementation of the latters on the ground, so as to instruct companies to comply with environmental norms and 
standards, was yet to take place. 
35
 See Figure 6.10: Appearance of the surface water of wastewater pond system of Tiko Rubber based factory 
Table 4.3: Nutrients load (tons/year) dynamics from industries of Cameroon’s coastal zone in 
1982 (UNEP, 1982) and 1996 (Angwe &Gabche, 1997) 
 
BOD5 = Biological oxygen demand; SS = Suspended solids; N = Total 
Nitrogen; COD = Chemical oxygen demand and ND = Values not determined 
 
  
                                                                                                                                             
49 
Preceding evidence demonstrates that the natural rubber processing industry can potentially 
contribute to resource depletion and environmental degradation. Environmental regulatory 
limitations require supplementary options to ecologically restructure an industrial system. Hence 
the need for firms to adopt clean technologies that prevent pollution and reduce production costs. 
This approach, recently, has been actively promoted in some developing countries (Wattanapinyo, 
2006). We shall then move to the next section and analyse environmental management options 
that could be deployed to manage waste in the rubber industry in Cameroon. 
4.4 Improving the environmental performance of the natural rubber industry 
An effective approach to improved environmental performance and effluent management 
comprises the integration of concepts related to end-of-pipe treatment and cleaner production. But 
these waste (effluent) management practices must be incorporated into the overall corporate 
management policy and as such constitute an environmental management system. The case of the 
rubber industry will certainly not be different, thus we briefly introduce these concepts and 
subsequently develop an integrated waste management model to be applied in the case studies. 
4.4.1 End-of-Pipe treatment (EoP) 
It is a classical pollution control method companies apply when waste is already generated and 
through direct regulation and monitoring forces companies to treat waste prior to discharge in the 
nature. These methods are intended to reduce the company’s impact on the environment. They 
came up in the 1970s when industrialized countries policy makers realised that pollutants were 
exceeding the assimilative capacity of nature. It is mandatory under the environmental 
management law that rubber-processing factories treat their effluent to the environmental 
standards set by the law before discharge into a water body or land. Treatment systems employed 
in the rubber processing industries are: primary treatment to recover rubber particles and remove 
inert material that may hinder biochemical reactions later. A strainer at the inlet channel to the 
rubber trap removes small rubber particles, grit etc: A rubber trap is efficient (60-70%) in the 
recovery of rubber and reduction of suspended and settleable solids as such reduces the load at 
secondary treatment. Equalization tank stabilizes the pH and BOD. Chemical and biological 
treatments are also used as end-of-pipe methods. The popularity of EoP lies in its ability to handle 
unavoidable wastes or emissions of pollutants from industrial production processes. This 
approach facilitates environmental regulation compliance. Chavalparit (2006) argues that EoP is 
useful in the reduction of pollutants but not in efficient in the use of limited resources. Pargal and 
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Wheeler (1996) maintained that EoP measures add costs to manufacturing process rendering the 
entire production process more expensive. Conventional EoP systems are costly to operate and 
maintain in addition to its ineffectiveness at reducing environmental damage (Hilson, 2000). In 
developing countries some companies do not install or operate EoP treatment systems due to 
weak monitoring and enforcement capabilities of environmental agencies (Wattanapinyo, 2006).  
4.4.2 Cleaner Production Concept (CP) 
According to UNEP (2001) cleaner production is a continuous application of integrated 
preventive environmental strategy to processes, products and services to increase the overall 
efficiency and reduce problems and risks to humans and the environment. Cleaner production 
minimizes impacts of production and products on the environment by applying clean technologies 
and organizational measures (Chavalparit, 2006). Cleaner Production is being promoted as a ‘win-
win’ strategy that protects the environment, the consumer and the worker, while improving 
industrial efficiency, profitability and competitiveness (UNEP, 2001). Hamed and Mahgary 
(2004) claim that the concept is especially important for developing countries with energy and 
natural resource scarcity and environmental degradation is on the rise. This approach of cleaner 
production increases production efficiency with concomitant elimination or minimization of 
wastes/emissions at source. Edner and Fresner (2001) identified the following CP measures that 
are applicable to industry e.g. good housekeeping, substitution of raw material and auxiliary 
materials by less polluting ones, process/product modification to eliminate environmental pressure 
points, internal recycling and offsite recycling. 
Phuong (2002) outlined the standard approach to designing CP measures: (i) an audit of all the 
inputs and outputs of a company is done to trace back the sources of environmental problems; (ii) 
identification of technological and organizational problems generating the problems; (iii) the 
weak points and inefficiencies of material and energy use are identified and subsequent options 
for economically and ecologically sound options are defined; and (iv) modifications to the 
production process and /or products are implemented leading to less waste and fewer pollutants 
being released into the environment. 
Cleaner Production implementation is froth with a series of barriers most importantly financial 
(Frijns, 2001; Hilson, 2000). 
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 Waste prevention and reduction at source 
It is not uncommon these days to get evidence in the literature that reducing waste or elimination 
at source attracts both economic and environmental benefits. Source reduction of waste can be 
achieved through material or process substitution, good housekeeping and equipment 
maintenance, water and energy conservation, life cycle assessment and or inventory controls. Four 
possible options can be used in the natural rubber processing industries: (i) improved 
housekeeping is implemental by improving operating and maintenance procedures, handling of 
materials, changing management practices, training, segregation of waste streams, inventory 
controls and rescheduling of production procedures. It is low cost and requires good cooperation 
and discipline among the workers in compliance with environmental demands. (ii) Input materials 
change attracts benefits in both the reduction of resource consumption and quantity of waste 
generation during the production processes. This can be achieved by using less-toxic materials, 
materials purification or simply use renewable materials. (iii) Technological transformation 
seemingly attracts increased costs through new investments in changing the design or lay out of 
the factory, increased automation, improved operating conditions and improved equipment. But 
these costs can be offset via savings of waste reduction if sufficient quantities of the product and 
financial resources are available. (iv) Product changes would entail environmental considerations 
in the design of products i.e. design for the environment during production processes and in use or 
waste downstream. 
 On-site recycling 
Materials can be recycled once or twice before final disposal as waste to the waste treatment 
facility. This measure requires good expertise in the production process, achievable through waste 
exchange steps whereby reuse and recycling of materials (especially water and energy) reduces 
waste at source and is more efficient if combined with good housekeeping, while simultaneously 
leading to cost reduction and eventually increase financial benefits for the company. 
 Off-site recycling 
Situations arise where wastes from the production process may not be recycled on the site but can 
become an input material for another firm for direct or indirect use. This method adds value to the 
main product. For instance, concentrate sludge can complement fertiliser use in rubber nursery 
plots. 
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4.4.3 Environmental Management Systems (EMS) 
It is a voluntary tool used by enterprises to improve their environmental performance and ensure 
environmental legislation compliance. Environmental concerns are systematically integrated in a 
company’s activities through the development of environmental policies, objectives and targets, 
systematic monitoring of activities, periodic audits using tools such as eco-labels, life-cycle 
assessments, environmental reports and benchmarking initiatives (ibid). These activities have 
been standardized into ISO 14000 series. Authorities can determine the environmental 
performance of companies through the organizational structure, EMS records, responsibilities of 
the company, benchmarking, and environmental audits. The United Nations (1996) states that 
EMS strives for continuous improvement of the production process and environmental 
performance, it also improves process efficiency, product quality and employee safety.  
Van Koppen and Hagelaar (2002) model on strategic environmental management in companies 
can be divided into three phases: (i) crisis-oriented, (ii) process-oriented, and (iii) chain oriented. 
In the crisis-oriented phase, the company uses end-of-pipe solutions to handle the most pressing 
environmental problem in respect of environmental regulations.  
 The first response of the firm towards EMS (crisis oriented) is usually by means of 
constructing waste treatment facilities (e.g. the pond system in Tiko factory in Figure 6.9). In 
other words this simply means adoption of end-of-pipe solution in reaction to environmental 
regulation. 
 The second phase of process-orientation adopts a more systematic and less reactive 
approach to seek solutions to environmental problems. This stage is characterised by an entire 
production process analysis and an effective and cost efficient management of environmental 
issues and initiatives towards waste/emission prevention i.e. cleaner production and the 
establishment of an internal EMS. In case of rubber processing, factories can adopt pollution 
prevention and waste minimization approaches capable of improving their environmental 
performance (Figure 4.4) but according to Alemagi et al. (2006) implementation of EMS in 
enterprises located along the Atlantic coast of Cameroon (case study location) is froth with the 
following constraints: (i) lack of financial and technical support and (ii) less competitiveness for 
firms with EMS.  
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 The third phase, called chain-oriented solutions to environmental problems, is sought 
for outside the company production system boundaries in the whole product chain. Life cycle 
assessment is used to seek environmental solutions. Based on the internal and external pressures 
acting on the company, environmental management strategies of the company can oscillate from 
one phase to another. These pressures are namely: government regulatory activities, civil society 
pressure, market pressures from costumers or consumers, investors’ financial pressure or 
insurance companies. Companies’ response to these pressures lies in the adoption of waste 
management strategies. These EMS strategies can be employed in an integrative manner in a 
company to improve its environmental performance. 
 
 
Source: Adapted from Wattanapinyo (2006) 
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4.5 Concluding remarks 
It is clear from the preceding discussions that natural rubber industrial enterprises contribute to 
Cameroon export revenue but also ladden with characteristics capable of negative environmental 
impacts in the Cameroon’s coastal region. 
Besides other industrial activities (see Figures 1.1 & 4.2) that take place along the coastal zone of 
Cameroon, natural rubber processing industries (CDC) also contribute to industrial pollution of 
the marine ecosystem (though the degree of pollution is to be ascertained through sensitivity 
analysis) and it offers good example to illustrate the issue of environmental management in the 
region.  
Curiously these enterprises possess potentials of optimizing their resource use and minimization 
of wastes/emissions generated from the factory industrial systems through implementation of the 
model presented in Figure 4.4 whose success shall depend on the opportunities and contraints 
within the factory’s industrial institutional environment. In essence there is a general trend 
worldwide for companies to gradually shift from reactive to proactive approaches in industrial 
waste management (entrenched with both environmental and economic benefits). We shall use 
case studies later in the report (chapter six) to demonstrate how actors and institutions can 
influence adoption of proactive waste management approaches in an industrial system; as the case 
for natural rubber factories at the CDC from which some lessons may be learned that can green 
the rubber sector in Cameroon. 
But before digging down on case studies, we shall move on to the next chapter where we present 
Cameroon Government environmental institutions and their tentative efforts towards mitigation of 
environmental excesses arising from industrial activities along the coastal zone of Cameroon. 
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5. Environmental Institutions and their influence in shaping corporate 
behaviour in Cameroon 
“… The ability of businesses to solve environmental problems is part of a wider reassessment of 
relations between the economy and the environment. Pressures to meet environmental 
obligations, once widely depicted as threatening business growth, are increasingly viewed as 
offering profitable opportunities for innovative companies. However, this attitude towards 
environmental issues requires effective regulations to support the environmental institutions in 
implementing and monitoring potential problems” (Wattanapinyo, 2006) 
5.1 Introduction 
It is widely acknowledged in socio-environmental literature that prescriptive regulations, adapted 
institutions and coercive measures aimed at motivating companies to overcome organizational 
inertia may contribute to an ideal environment for environmental innovative industrial 
development. 
In this perspective, this chapter will highlight the characterisation of Cameroon environmental 
policy framework that companies are embedded within via the analysis and presentation of the 
role different actors and institutions play in the realm of environmental management. In section 
5.2, we analyze and present the government involvement in environmental management of the 
industrial sector as a whole. Section 5.3 is devoted to government’s role as an institution. Section 
5.4 shall deal with characterisation of legislation and some policies that affect industries in 
general and rubber industry (when possible). The assessment of the environmental management 
policy in Cameroon is presented in section 5.5. 
5.2 Environmental state management of the industrial sector in Cameroon 
5.2.1 Cameroon’s administration and environmental management 
The 1996 constitutional reforms of Cameroon recognised three basic levels of public 
administration: central, regional36, and councils with graduated influence over the national 
territory. The country is divided administratively into Provinces, Divisions, and 
Subdivisions/Districts to spread administrative influence over the national territory. The 
Provincial governor, Senior Divisional Officers (SDO), Sub-divisional/District Officers (DO) are 
                                                 
36
 In this report province stands for region (2007)  
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the main authorities in the provincial administrative set up and act as appointees/representatives of 
the central administration in their areas of jurisdiction. However, the administrative authorities 
operate with firm instructions to maintain the values of a unitary state (national integrity, social 
cohesion, regional balancing etc) from central administration are carefully trickled to the last rung 
of the administrative ladder. Two departments in the Ministry of Territorial Administration and 
Decentralization (MINATD) have differentiated responsibilities in the management of the 
administrative units lodged in the provinces over the national territory. The Department of 
territorial organization coordinates and monitor the activities of presidential appointees who head 
the aforementioned administrative units. The Department of local Councils monitor and support 
the activities of elected council officials. In Urban Councils with special status, the Government 
Delegates (presidential appointees) manage municipal services as chief executive officers while 
the elected Municipal Council under a chairman and two deputies preside over council sessions 
and vote budgets on plans of local interest. Other line ministries also have their branches in the 
Province, Division or Sub-division/district.  
The provincial administration is composed of two structures. The Provincial Governor heads the 
general direct line of authority over SDOs, DOs and Councils while the Provincial Delegates 
(ministerial appointees), implement policies of their respective ministries with direct line of 
authority over their fragmented functional units downstream (Divisions, Sub-divisions/Districts). 
These structures collaborate with each other in a highly complex institutional set up but the 
Governor (representative of the president of the republic) remains the overall boss with 
coordination role and a lot of administrative authority. 
The local councils form another segment of provincial administration headed by elected officials 
and some special urban cases appointed by presidential decree. These councils are categorized 
into five groups: Urban City Councils (Yaounde and Douala) composed of Urban District 
Councils; Urban Councils with special status; Urban Councils and Rural Councils. Urban councils 
tend to have high population densities and levels of development (economic, social, infrastructure 
etc). Most Rural Councils have low population densities and low level of development with basic 
social and economic facilities and rely mostly on extractive activities for livelihood. Each 
municipality is composed of villages with traditional chiefs (auxiliaries of administration), which 
play key roles in the promotion of government policies using traditional values most especially in 
the settlement of land disputes and conflicts in the management of natural resources (water) in 
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compliance with the republican laws. These chiefs are recognised by government and their 
activities are supervised by the Director of Territorial organization in MINATD.  
The Cameroon administrative system takes root in the concept of decentralization that was 
gradually put in place but accelerated after the socio-economic and political upheavals of the 
1990s triggered by hardship generated by an economic recession that started in the mid 1980s due 
to a sharp fall in oil prices and commodity prices, major export revenue sources in addition to 
gross mismanagement of public by the ruling class. Poverty was widespread and affected mostly 
the working class and the rural inhabitants resulting in political and socio-economic changes 
triggered by public uprising in the early 1990s Law No. 96/06 of 18 June 1996 in response created 
the legal framework for the decentralisation 37 creating a new local government system comprised 
of regions and councils that started. Each council draws up its development plan of action with 
positive impacts for the locality. These regional government structures are still under the direct 
supervision of the SDOs and DOs. (Figure 5.1)  
 
                                                 
37
 Decentralization as defined by Law No. 2004/107 of 22 July 2004 instituting conditions of decentralized local 
government councils should be understood as “transfer by the state to the local councils special government 
responsibilities and sufficient financial means “ to better involve the local population in the decision making process 
related to the management of local affairs under specified regulations (election of local government leaders) 
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Presently there are two types of local government structures, 10 provinces and 366 councils (2 
city councils- Yaounde and Douala, 9 urban councils with special status, 11 District Urban 
councils, 11 Urban councils and the rest are rural councils). Under the jurisdiction of the councils 
are traditional rulers assisting the administration in mostly land conflict issues. According to the 
Unity Palace Magazine (2007) the decentralization process38 was aimed at increasing the 
participation of the local people in the decision-making and management of local affairs most 
especially on environmental protection and public sanitation (water and sanitation, refuse 
collection and disposal)39. 
5.2.2 Development of environmental management 
Environmental concerns in Cameroon date back to the colonial era where forests and soils were 
inculcated in the economic development policy of the time. The post-independence import 
substitution policy in the second and third five-year developments contained some elements on 
concerns related to industrial activities. This resulted in the creation of unit in the then ministry of 
plan and regional development charged with responsibility for environmental protection. 
According to Luken et al. (2002), prior to 1992, environmental protection in Cameroon was 
managed by a combination of ill adapted and inadequate environmental legislation to mitigate 
industrial pollution namely: 
- Law no. 86/008 of 27 July 1986 on gas and water vapour equipment 
- Law No. 89/027 December 1989 on toxic waste 
- Decree No. 76/372 of 2 September 1976 to regulate establishments classified as 
dangerous, unhygienic and obnoxious 
These laws designed to protect and provide security for human health and the environment were 
deficient in balancing the objectives of environmental protection and industrial pollution 
prevention; no economic instruments to effectively control industrial pollution. These 
inadequacies resulted in increasing industrial pollution along the Atlantic coast of Cameroon from 
both organic nutrients and heavy metals pollutants (Alemagi et al., 2006). 
A more comprehensive approach to environmental management in Cameroon came as result of 
global environmental policy diffusion after participating in the UNCED Earth Summit, Rio de 
                                                 
38
 Law  No. 2004/017 of 22 July 2004 
39
 Magazine du Palais (Unity Palace Magazine) - Dossier 
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Janeiro in 1992 and the desire to locally implement Agenda 21.That resulted in an avalanche of 
political modernization processes -creation of the Ministry of Environment and Forests charged 
with formulation, implementation and evaluation of policies on environmental protection; 
enactment of adoption of a more aggressive environmental policy based on the environmental 
framework law no.96/12 0f 5th August 1996; institutionalized environmental planning through the 
Inter-ministerial Committee on the environment; National Environmental Management Plan and 
introduction of some economic instruments as tax incentives- with an ultimate goal of creating an 
appropriate environment for sustainable industrial development. In all these modernization 
processes, the Permanent Secretariat for the Environment in this new institution was entirely 
devoted to environmental protection. Earlier, the responsibilities of industrial pollution control 
were reserved for departments in the ex-ministries of Mines, Water and Energy, Industrial 
Development. The increasing importance of environmental values in Cameroon resulted in the 
upgrade of Permanent Secretariat for the Environment to a full-fledged Ministry of Environment 
and Nature Protection40, charged with a mandate to formulate, implement and evaluate policies 
related to the environment and nature protection. 
However, environmental policy implementation is embedded in complex institutional networks 
froth with conflicts of authority during environmental inspections and enforcement of 
environmental regulation (Alemagi, 2006). State management of industrial pollution spanned 
throughout its national development plans until the adoption of the Structural Adjustment 
Programmes (SAPs) sponsored by the World Bank and IMF that started in 1989 cutting down 
government spending and obliging state withdrawal from the production sector privatisation of 
failing state and Para public enterprises. This macro-economic policy change faulted the 
implementation of the National Environmental Management Plan as pilot projects aimed at 
sustainable industrial development (clean technologies, valorisation of wastes and by-products, 
training of personnel, etc) were put on hold for lack of funds. Policies on environmental 
protection and pollution control are crafted at the national level and implemented at the provinces 
by provincial administration and local councils (UNIDO, 2002). 
 
 
                                                 
40
 Presidential Decree No. 2004/320 of 8th December 2004 
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5.2.3 State management of the industrial sector 
Historically, Cameroon’s industrial policy was embedded in a planned economic development 
strategy involving a lot of state intervention. This started in the earl y1960s, where key ministries 
(agriculture, industrial and commercial development, mines and energy, livestock and fisheries) in 
economic development jointly defined objectives and strategies of industrialization every five 
years and incorporate into what was commonly called the “Five-Year Plan”. The institutional 
framework to implement industrial policies in addition to ministries was made up of MAGZI, 
National Office for Industrial Free Zones, National Investment Corporation, Investment Code 
Management Unit (UNIDO, 2002). From 1961 to 1991, six Five-Year plans were adopted and 
implemented 
During the first two Five-Year Plans (1961-1971), emphasis was on import substitution and 
promotion of exports to penetrate international markets in which the state became a major 
stakeholder through creation of state-owned enterprises. 
The third and fourth plans from 1972 to 1982 targeted improvement in the competitiveness of the 
local industries. The huge investments to access international markets at the time could only be 
afforded by the state explaining the reasons of her investments in heavy industries and the large-
scale agro-industries due low domestic private investment capital. 
The 5th plan (1982-1986) had the following objectives-use of local material in industry, 
involvement of nationals in the industrialism; broadening the geographical distribution of 
industries from the littoral industrial region by creation of industrial zones in other cities. This 
period coincided with the on set of a decade-long economic recession triggered by falling prices 
of major export agricultural commodities and crude oil. 
The 6th plan was met with intensified economic crisis that resulted in major economic reforms 
through the SAPs, funded by the World Bank and the International Monetary Fund starting 1989. 
The major objective was to stabilize public finances, putting on hold policies adopted on 
industrial development such as Industrial Development master Plan and state withdrawal from the 
production sector (IMF, 1999). 
There is no denial that the state of Cameroon was heavily implicated and major stakeholder both 
in the industrial and environmental policy development based on the preceding empirical 
evidence (UNIDO, 2002). 
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5.3 Environmental Institutions, Legislation, Policies and other Actors 
Some scholars claim that environmental regulation can be the main driver of industrial 
innovations that reduce external diseconomies of industrial production in both the developed and 
developing countries. (Porter and van de Linde, 1995) 
The environmental policy and management in relation to industry in Cameroon can be fragmented 
into four categories: national level, provincial level, local level and company level. Figure 5.2 
below visualises the general organization flowchart of industrial environmental management in 
Cameroon (2007) 
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5.3.1 Environmental policy framework 
This section presents the environmental policy framework, environmental organizations, 
legislation, policy instruments and finally corporate involvement as key actors. 
Environmental policy is crafted by the central administration based on the provisions of the 
Environmental Management framework Law No. 96/12 of 5th August 1996 promulgated by the 
President of the Republic. The implementation of this key legal instrument is fleshed out by 
numerous laws and a plethora of Prime ministerial decrees/regulations and sometimes Orders by 
relevant ministers. These legal instruments have generated a highly fragmented and complex 
institutional set up directed at industrial environmental management in Cameroon with 
overlapping responsibilities that sometimes render the system very inefficient (Alemagi et al., 
2006). However the main governmental agencies directly responsible for environmental policies 
towards industrial pollution control are the Ministry of Environment and Nature Protection 
(MINEP) and the Ministry of Industry, Mines and Technological Development (MINTD). Each of 
these ministries formulates, implement and evaluate policies based on its legal/constitutional 
mandate. Provincial representatives of line ministries carry out implementation activities 
(Provincial Delegations and related structures downstream) in addition to local councils under the 
general coordination of the Provincial Governor and his hierarchical close collaborators (SDOs, 
DOs). 
The major industrial pollution prevention policy is “Ecologically sustainable industrial 
development based on the use of clean technologies, the valorisation of natural resources, by-
products and wastes”. It is enshrined in National Environmental Management Plan (NEMP) and 
revised every five years (ibid). The following section deals with the major characteristics of 
specific policy formulations, which are assigned to relevant state organizations. Therefore the 
description of their respective tasks, which is not part of the analysis, can be accessed in the 
appendix.  
5.3.2 Government Institutional Organizations 
In this sub-section we highlight the characterization of the main government agencies, whose 
mission may influence corporate behaviour to comply with environmental regulation. The 
analysis presented here emcompasses national, provincial and local levels.  
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 The Ministry of Environment and Nature Protection (MINEP), this is a new 
governmental institution established in 2004 by Presidential Decree No. 2004/320 of 8th 
December 2004. MINEP mission statement focused on the formulation, implementation and 
evaluation of government environmental policy. In addition, two key departments of MINEP are 
directly linked to our subject matter. These include: The Department of Standards and Control and 
the Department of Environmental Policy, including the Inter-ministerial Committee and the 
decentralized structures of MINEP.  The Inter-ministerial Committee is a structure under the 
trusteeship of MINEP. It was established by Decree No. 2001/718/PM of 03 September 2001. It is 
predicated on institutionalised environmental planning with a mandate to first assist government 
in the elaboration, coordination, implementation and control of national environmental and 
sustainable development policies; and second conduct relevant studies thereof.  
This Committee is composed of fifteen members (ministries of Environment & Nature Protection, 
Territorial Administration, Agriculture, Industrial development and Commerce, Livestock, 
Fisheries and Animal Industries, Regional Planning, Mines, Water & Power, Technical and 
Scientific Research, Tourism, Public Works, Transport, Town Planning and Housing, Public 
Health, Towns, Ministry of Defence). They meet as need arises but at least every three months at 
the request of its chairman. Both MINEP and the National Environmental and Sustainable 
Development Fund are supposed to finances its running budget, but the latter is yet to be 
operational. 
At the level of provinces, MINEP is composed of the Provincial Delegations, Divisional 
Delegations of MINEP and associated Technical Operational Units. These structures fall under 
the direct technical and administrative authority of the Provincial Delegate of MINEP. Main 
responsibility is the implementation of policies and programmes formulated by the central 
administration of the ministry. The Provincial Delegate is the direct representative of the minister 
in the province in this respect. The Divisional Delegates of MINEP have similar attributions but 
at a reduced scale mostly in coordination, organization, facilitation and control of MINEP 
activities at the divisional level. 
 The Ministry of Industry, Mines and Technological Development (MINMTD) 
Created in 2005 from former Ministries of Commerce and Industry; Mines, Water and Energy, 
has the mandate to formulate, implement and evaluate policies geared towards sustainable 
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development of the industrial sector in Cameroon. These policies are intended to strengthen the 
competitiveness of Cameroon’s industries and entrepreneurs in the world markets and 
consequently alleviate poverty in Cameroon. Its main duty in relation to industrial pollution 
control lies in the initiation and supervision of preventive measures and enforcement of 
environmental legislation in pollution mitigation and ultimately environmental protection. The 
Department of Industry and Industrial Zones Development Authority (MAGZI) are more relevant 
to this study. This unit is directly responsible for the regulation and control of industrial 
establishments and builds capacities in industrial operations in accordance with law no. 98/015 of 
14 July 1998 instituting the classification of industrial establishments as dangerous, unhygienic 
and obnoxious41. Other legislation regulating industrial activities can be found in Boxes 5.1, 5.2, 
and 5.3 of appendix H. The Sub-department of Industrial Risks and Service for Classified 
Industrial Establishments are directly implicated in industrial inspections and enforcement of 
industrial pollution (throufg instructions of EIA and Risks Assessment). 
With reference to Industrial Zones Development Authority, there exists a state enterprise named 
MAGZI. It was created in 1964 and attached to the Ministry of Industry, Mines and Technological 
Development. Its main mandate is to develop and manage industrial zones and enforce orderly 
and planned industrialisation in Cameroon. Environmental protection is incorporated in its 
responsibilities. Currently four industrial zones are in existence (two in Douala, one in Yaounde 
and the last one in Ombe in Tiko Sub-division South West Province). Industries located in Export 
Free Trade Zones under the management of MAGZI benefit from tax incentives. Despite 
measures to ensure environmental protection in these industrial zones, complaints arise for e.g. 
about Aluminium pollution reported in the Bassa neighbourhood in Douala (Fongwe et al., 2000). 
 The Ministry of Water and Energy (MINEE) 
It is no coincidence that a full-fledged government institution is devoted to water and energy. 
They constitute important industrial inputs whose life cycle from 42‘cradle to grave’ is laden with 
serious environmental consequences if not properly regulated and managed. The mandate of this 
ministry is incarnated in the formulation, implementation and evaluation of government policies 
in connection with the production, transportation and distribution of water and energy.  Two 
                                                 
41
 From the interview granted by  Mr Ndobisso, chief of service in charge of industrial risks at MINIMDT   
42
 The ‘cradle to grave’ approach is also referred to as the integrated chain management, where the following phases 
can be identified: extraction, production, service delivery and the waste disposal 
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departments of MINEE seem relevant to this study. They are Department of Electricity and 
Department of Water and Hydrology. 
Having presented policy strategy on pollution control, we shall go on and outline procedures 
about its implementation. In Cameroon, pollution control policies are implemented by the 
Provincial Delegations at the level of the provinces and similarly downstream at the Divisions 
sometimes in association with administrative authorities. Provincial structures carry inspections 
and enforce environmental legislation compliance in water and energy use and waste/emission 
discharge into the environment. Major constraints in accomplishment of their responsibilities lie 
in severe budgetary limitations and limited expertise in quantity and quality (DNS-MINEP).  
Numerous uncoordinated environmental inspections and controls from a multitude of 
governmental organizations agents is becoming a major concern calling for a harmonised 
approach in order not to miss out on its objectives, argues the Director of HYSACAM43. Limited 
resources for government officials to perform their duties tend to breed a corruption culture. 
 At the Provincial Level: 
The Provincial Delegations of the various ministries implicated in the inter-ministerial 
commission on the environment are each in its sphere of competence charged with 
implementation of environmental policies in a synergetic manner. Institutional conflicts of 
authority has been rife especially institutions charged with industrial pollution regulation 
enforcements in practice. Company representatives have also been complaining of numerous and 
uncoordinated controls with same objectives as such causing losses in production and 
management time and resources. The Provincial Delegations are assisted downstream by 
Divisional Delegations and in some cases Sub-divisional Delegations. They collaborate with 
council administration and their social and economic networks. The provincial governor remains 
the overall coordinator of all government policies in the province inclusive of the environmental 
protection and management policies. 
 At Local level: 
The local councils are the only constituted authority at the community levels charged with 
environmental protection. However they operate in concert with the civil society (media, NGOs, 
community groups). Law No. 2004/017 of 22 July 2004 spells out the various responsibilities of 
                                                 
43
 Paper presented at the seminar March 2007 
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local councils in environmental management most especially in public sanitation, refuse and solid 
waste management based on the municipal environmental management plan of action. Limited 
responsibility in the management of some industrial waste types (oil spills, hazardous wastes) due 
to lack of know-how and experience coupled with limited access to environmental information 
from factories but authorised to monitor and control small-scale polluters and maintains drainage 
systems. Law not clear on domestic waste treatment since most towns lack these facilities. 
Residents next to factories are free to make complaints to environmental agencies on polluting 
industries. Often time’s local print, radio and television media report on exaggerated cases of 
pollution. 
 At Enterprise level: 
Informal and formal interviews with company staff and visual observations on site visits indicated 
that one rubber processing out of five factories had a wastewater treatment facility, the rest 
discharge directly into nature. In addition we realized that factories had no human resource 
directly responsible for environmental protection, environmental issues were handled by technical 
services or factory managers; lack of information on environmental management and limited 
awareness of cleaner technology concepts. Lack of resources to invest in environmentally friendly 
technologies may be due to limited enforcement of environmental legislation. 
5.3.3 Environmental policy instruments 
Cameroon in consonance with most developing countries imported the command and control 
approach to industrial pollution mitigation from industrialized countries, where some successes 
have been registered despite some limitations. This approach uses laws, standards, regulations and 
top-down management style. In some cases economic instruments are used based on “Polluter 
pays principle” or “User pays principle”. Environmental management in Cameroon is at its 
infancy and largely relies on environmental standards, enforcement of environmental legislation, 
monitoring and factory inspections, limited participation in environmental technology transfer 
programmes, product standards, education, training and timid use of economic instruments and 
EIA for projects and factory upgrading. 
 Environmental standards; 
It took more than ten years since the environmental management law was promulgated for 
industry operators and stakeholders to avail themselves of the Cameroon adapted environmental 
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standards (air, water, soil pollution both quantity and quality) presented by the Department of 
Standards and Control (MINEP), March 2007. Two categories of environmental standards are 
recognised in Cameroon: (i) environmental quality standards (air and water quality) and (ii) 
emission standards from point sources (air stacks, wastewater treatment facilities etc). This policy 
plays a key role in the facilitation of factory inspections and enforcement of environmental 
legislation. Industry and government officials acknowledge that ineffective implementation lies in 
lack of expertise, budgetary constraints, administrative and industry inertia in Cameroon44.  
 Monitoring, Factory inspections and Environmental legislation enforcement 
MINEP, MINMDT, MINEE are the policy evaluation authorities in relation to industrial pollution 
but at the provincial level, Provincial Delegations are the main agencies implicated in monitoring, 
factory inspections and environmental law enforcement. It is worthy to note that environmental 
inspectors operate under oath and can represent their ministries in judicial litigations. Governors, 
SDOs, DOs may also be implicated depending on the circumstances. Budgetary allocations often 
do not match the workload coupled with staff shortage in quality and quantity that engendering an 
environment of corruption. 
 Environmental technology development; 
Shelved NEMP pilot projects (constituted learning processes) in the 1990s due to macro-
economic policies drastically cutting down government spending and withdrawal from the 
production sector resulted in lack of funds and as such slowed down initiatives that were directed 
at technology development in clean technologies, natural resource valorisation, wastewater 
treatment technologies, waste/by-products recycling (Alemagi et al., 2006). However, factory 
equipment upgrades and personnel capacity building in the refrigeration and foam sectors within 
the framework of Montreal Protocol sponsored by UNIDO were realised in some Douala-based 
enterprises. 
 Economic instruments; 
The environmental management law stipulates “Polluter pays principle” which in Cameroon is 
implemented through pollution charges, resource taxes, product charges, tax exemptions on 
importation of environmental technologies and environmental fund (not operational) to finance 
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 Revealed in a personal communication with selected personnel of MINEP in the South West Province of Cameroon 
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environmentally friendly projects. Many of these instruments are yet to take root because MINEP 
and MIMDT are quite new and suffer from expertise and financial shortfalls. 
 Environmental Impact Assessment (EIA); 
A key environmental policy expert in MINEP stated that “EIA is a new preventive environmental 
management tool in Cameroon and implemented gradually by most companies since the 
probationary period for its enforcement expires by January 2008”. Environmental legislation 
recommends EIA for new industrial projects and an environmental audit for existing industrial 
establishments. EIA reports are mandatory to obtain operating licences for projects that require 
them. Also, financial donors always insist that EIAs constitute part of funding requirements e.g. 
the Limbe Power Plant. Decree no. 2005/0577/PM of 23 February 2005 institutes conditions for 
the conduct of EIA. Local population involvement in environmental management decision-
making through public hearing is part of the process and builds the environmental capacity of 
affected communities. Above all EIA aims at the analysis and assessment of the positive and 
negative impacts of development programmes/projects related to economic gains, environmental 
pollution prevention/remediation. Government in addition to these national environmental 
legislations, Cameroon is also a signatory to many international conventions related to mitigation 
of industrial pollution or environmental protection in general. 
5.3.4 Environmental legislation 
A composite law no. 96/12 of 5th August 1996 on environmental management with relevant 
industrial pollution control instruments was enacted and is expected to come to full application on 
January 2008 under a three-year moratorium45 during which firms would have made the 
necessary technology changes to comply. Environmental standards adopted and published in 
March 2007; specify maximum permissible limits for various industrial emission and waste 
parameters in Cameroon. Effluent limits are binding throughout the national territory 46 At this 
juncture, we can say that the level of environmental awareness is on the increase though belated 
and efforts to protect the environment by the state are on the tract. . 
                                                 
45
 The moratorium act stipulates that companies which existed before the creation of the framework law No. 96/12 
shall conducted an environmental audit; whereas those created after the promulgation of that framework law must 
conduct an environmental impact assessment 
46
 From the interview granted by Dr Efendene, director of Norms, Standards, and Control at MINEP 
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The fundamental laws and regulations related to industrial pollution control are outlined in 
appendix H. The rules and regulations stemming from the Framework Law No. 96/12 of 5th 
August 1996 constitute the main framework for regulating the environmental behaviour of 
industries. The law developed as a result of global environmental policy diffusion and the 
increasing environmental concerns, weaknesses of the preceding legislation and institutions. 
Recently (during a seminar held in March 2007) MINEP adopted harmonised environmental 
standards in joint collaboration with major stakeholders. Although the environmental policy 
makes provision for use of economic instruments, ”environmental fund to finance 
environmentally friendly projects”, pollution taxes, industrial water use charges47 there is still 
need to build both the capacity of staff and institutions for effective implementation. The 
municipalities are marginally implicated in industrial pollution arising from large-scale companies 
due to regulatory restrictions or lack of expert capacity issued a list of EIA. 
The activities of the aforementioned government institutions and actors are conditioned by a 
legislative framework, which seeks to limit negative impacts of industrial operations and activities 
on the environment or human health (nearby communities to industrial plants). These laws take 
their roots in the framework law no. 96/12 of 5th August 1996 on environmental management (in 
terms of laws and regulatory acts). 
5.4 Critical evaluation of environmental policy in Cameroon 
On paper, the environment in Cameroon appears sufficiently protected from industrial pollution in 
stark contrast with the realities on the ground. The Cameroon environmental regulation of 
industries is dominated by legislative control policy based on the use of emission standards to 
ambient recipient quality. The implementation of economic instruments provided for in the policy 
should strengthen its development in a more responsive manner through initiatives from research 
and public debates. The drawbacks of the current environmental policy implementation lie in the 
following factors:(i) complex institutional set up with overlapping responsibilities in legislation 
enforcement and environmental inspections; (ii) limited budget (see appendix E), shortage in 
expertise and lack of technical competence (iii) communitie’s perception on environmental 
problems and awareness, limited; (iv) environmental laws and regulations are yet to be 
implemented and enforced with rigour. 
                                                 
47
 Decree No. 2005/3089/PM of 29 August 2005 defining the pollution tax base, water use and revenue recovery 
procedures 
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If Cameroon’s environmental regulatory framework with regards to abatement of industrial 
pollution seems adequate, the fundamental question is: How come that this adequacy is not 
translated into real improvement of industrial pollution along the coastal zone of Cameroon? The 
answer is that implementation is far less sufficient to address the problem. The case study, 
developed in the next section, will throw more light on this issue. 
In all, despite the increasing visibility of provisions contained in legislatives texts towards 
abatement of industrial pollution, and up to now, the Cameroon government efforts and initiatives 
to address industrial pollution as a whole has failed to produce compelling evidence of the 
difference it makes to protect the environment.  
We think that an autonomous Environmental Management Agency with a single line of 
command, adequate budgetary allocation and qualified manpower, with increased use of 
economic instruments in policy implementation can significantly contribute to more 
environmental reforms in industries. In addition a more environmentally conscious community 
and active citizens may increase transparency in industrial pollution management. Accreditation 
of experts in the private sector for quantity and quality analysis of wastes and emissions, 
environmental audits and control of establishments classified as dangerous, unhygienic and 
obnoxious can be exploited to circumvent the shouting shortage of expertise and funding. 
Having said that, we now move to the next chapter, which deals with the strategy employed in the 
present research and that involves analysing our research question by a way of a practical example 
(Case study of effluent and solid waste management in the CDC natural rubber processing 
factories). 
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6. Effluent management practices and environmental performance 
improvements of Cameroon Development Corporation (CDC) rubber-based 
factories 
This chapter presents the relevant data for the two selected CDC rubber-based factories in this 
research. Starting with a general introduction of the CDC rubber industry in section 6.1, section 
6.2 presents case studies of the rubber industrial systems by outlining the profiles of each factory 
(geographical, socio-economic and environmental). Thereafter the environmental impacts of 
natural rubber processing are presented in section 6.3. This leads to the analysis of efficient 
effluent treatment based on existing technologies embedded in best management practices. 
Subsequent to this an analysis of the roles of various actors and institutions in implementing 
environmental innovative solutions is conducted within the realm of economic, policy, societal 
and knowledge networks in section 6.4.  
6.1 General introduction of the CDC Group Rubber. 
The CDC is a flagship of Cameroon’s agri-business and is a public enterprise set up in 1946/47 to 
manage and develop estates totalling some 102,000ha around mount Cameroon, including 11,000 
ha of plantation at the time. At present almost 42,000 ha are or have been planted to industrial 
crops, mainly oil palm, banana and rubber (DFID, 1998). The corporation under, demographic 
and urbanization pressures, have ceded 3,408 ha of land for expansion of nearby villages and 
towns - potential land use conflict source.48 Favourable climatic conditions, cheap labour, and 
interventionist government policies in the agro-industrial sector and experience in plantation-
based industry positioned the CDC as a key national player in agro-industrial sector. The CDC 
grows natural rubber (19,517 ha), banana (2,902 ha) and oil palm (15,577ha). Rubber and banana 
are processed for export markets while palm oil is destined for national markets and increasingly 
face stiff competition from smallholding producers.  
In Cameroon there exist three major producers of Natural Rubber namely SAFACAM, 
HEVECAM and the CDC. The CDC rubber sector was chosen for a number of reasons: (i) The 
CDC produces most of the export natural rubber grades from Cameroon with the exception of 
latex concentrate entirely produced by HEVECAM; (ii) willingness to share her experiences by 
accepting a research study on adoption of environmental innovation in an agro industry firm; (iii) 
                                                 
48
 Interview with a resident of Tiko case study area (2007) 
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CDC rubber epitomizes the sector in terms of agricultural production system (plantation model), 
(iv) processing technology and factory organization/location and contribution to socio-economic 
development including associated negative environmental impacts49.  
Moreover the CDC is located in a rapidly industrializing Atlantic coast (site to 80% of industries) 
of Cameroon (Figure 4.1) and is one of the leaders50 in national natural rubber production with 
five operational processing factories located in proximity to raw material suppliers. 
At this stage we shall go on and state that each of the three major crops is managed by a Group. 
Since the study is concerned with Natural Rubber processing, we provide in the next section the 
characteristics of the Group who manages rubber.   
 The Group Rubber 
This Department is responsible for agricultural production and processing of rubber within the 
CDC. It is made up of eleven estates representing a total planted area of 18,244 ha, 600 ha 
immature and 673 ha for nursery, new development and replanting. In terms of land use 
proportions (%of total surface area) immature (3%), young mature (6%), prime mature (40%), old 
mature (37%) and 14% of area due replanting. Presently the Rubber Group has 14,086 ha of 
undeveloped land, 23 ha nursery plots, 650 ha under replanting. The most popular rubber clones 
grown are GT1 (32%), PB 217 (15%) and PB 235 (14%) while PB 260 and PR 107 represent 12% 
each. All these are related to agricultural production factory raw material but apparently no data 
on total factory space. Each plantation or a group of them are allocated social amenities (lodging 
in labour camps, health structures and recreational facilities) to ensure good welfare of manpower 
Three of the eleven estates are located in Mungo Division in the Littoral Province while eight 
others are in the South-West Province spread out in three Divisions (Fako, Meme and Kupe-
Manengouba). As of 2006 the Group Rubber had staff strength of 5,811 (permanent) and 554 
(seasonal). About 1,010 ha will be replanted in 2007.  
Before we move to the analysis of indicators about the CDC rubber production, it is important to 
present the rubber flowchart, which gives an overview of rubber tree and stages in the 
manufacturing of the different grades produced. 
                                                 
49
 Partial contribution to the environmental degradation of the Atlantic coast of Cameroon marine ecosystem, 
discharge of organic pollutants and heavy metals (unquantified due to lack of hard data) and resource depletion that 
may generate social conflicts 
50
 Table 4.1 
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The CDC does not process latex concentrate. In Cameroon HEVECAM is the only rubber 
processing industry, which processes latex concentrate by vulcanisation51. Also, as the chart 
depicts, the conversion of sap liquid to solid latex involves both significant mechanical work 
(blending, size reduction, granulation, drying etc) and a fair amount of energy (in the form of 
petrol or electricity) including the use of chemical, which catalyse coagulation of rubber.  
                                                 
51
 This process is by far widely considered to be one of the most toxic industrial processes, which involved the use of 
either lead or zinc (that are said to be toxic to invertebrates and many freshwater and marine species). This is indeed 
true, but we contend that the effluent from rubber processing in the CDC is poorly managed and therefore potentially 
harmful. The two case studies will throw more light on this. 
RUBBER TREE 
FIELD coagula 
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Figure 6.1: General schematic diagram of industrial natural rubber processing 
  
                                                                                                                                             
76 
The CDC rubber industry is a major contributor to Cameroon’s export earnings from various 
grades of rubber (Table 6.1, Figures 6.2a and 6.2b) in 2003-2006. 
Table 6.1 Factory Processing – Crumb and Sheet December 2006 in Tons Dry 
Location RSS 3 CNR 10 CG CNR 10  
CV  
CNR CL SCRAP 
Tiko NA 5776 2656 8039 907 
Mukonje 832 1942 NA 4728 NA 
Penda-Mboko NA NA 4040 NA NA 
Malende 1194 NA NA NA NA 
Meanja 751 NA NA NA NA 
Mbonge 128 NA NA NA NA 
Total processed 
& packed 
2905 7718 6696 12767 901 
Legend: NA=Not Available 
 
 
RRSSS
S 
Figure 6.2 Contribution of natural rubber grades to CDC export revenue (2003-2006)  
 
RSS 
(a) (b) 
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The indicators in Figures 6.2a and 6.2b show that CNR10 CL and RSS are the most important 
grade over the years in terms of revenue generation and proportion of exports. Though 
substandard and scrap fetch some revenue, they represent avoidable inefficiencies in the 
processing system achievable via cleaner production and with a potential to increase resource 
productivity (see Porter and van de Linde, 1995)  
Moreover agricultural raw material from the plantation estates and smallholders are rapidly 
processed in five factories located in plantation estates to avoid quality degradation after 
harvesting. Estimated percentages of production by grades include: RSS (23%), latex crumb 
rubber (37%) composed of CNR 3L (light colour rubber) and CNR 3CV (Constant Viscosity) and 
field coagulum grades CNR 10 (40%). Figure 6.3 presents relative fluctuations with a growing 
trend of Rubber production from 2004 through 2006. 
 
 
 
 
 
 
 
 
 
There are many factors, which could explain the negative variations of rubber production (soil 
erosion, which render the trees vulnerable to storms; improper taping which disturb trees 
productivity; regular factory breakdowns, ageing plantations beyond economic productive life 
etc). In order to reverse this trend the Group Rubber management decided to source grafted buds 
of clonal varieties from HEVECAM during its replanting program for 2007, which are expected 
to improve yields contrary to the traditional varieties. They begin to produce within six years. The 
resultant effect was the growth in the production of rubber from 2004 onwards. Each processed 
Figure 6.3 Rubber Production trends 2000-2005 
Source: The CDC  Group Rubber production data (2006) 
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rubber product has its own unique features and potentially different environmental impacts (in 
theory). 
Before moving to the geographical and socio economic profiles of the CDC, we shall state that in 
studying the determinants of environmental innovation in an industrial firm it seems important to 
understand some basic economic rules and principles. This has to do with the notion of fluctuation 
since natural rubber prices are subjected to constant variations in the international market due to 
the high competition with synthetic rubber. In fact, industrial firms are likely to get engaged into 
new investments (e.g. cleaner technologies programmes) when good turnover has been recorded. 
But this might not always be the case for CDC. Though CDC’s natural rubber industrial grades 
prices experienced a positive variation since 2002 trough 2006, the margins engrained after sale 
are rather used to support other branches of the company52 (worker insurance, debts refund etc). 
We noticed in the CDC case that the company is increasing their planting of clonal hevea 
braziliensis, but the company is also planting oil palm, banana etc. The CDC does not see these 
crops crops as substitutes for one another. Rather, they are complementary aspects of an averall 
strategy to ensure reliable income. 
6.2 Natural rubber processing case study factories: Geographical and Socio-economic profiles 
6.2.1 Geographical profiles 
The two rubber factories selected for the case study produce different products and are located in 
two contrasting geographical areas all based in the South-West Province of Cameroon. The said 
factories are all owned by the CDC under its general management policies and objectives and 
located on its land. One factory is located in the rural53 area and processes RSS3 whereas the 
other one54 located in an urban setting processed raw rubber to CNR10 CL (Technically Specified 
Rubber). The differences provide an opportunity for a comparison of their performance. It is our 
conviction that they are characteristic of major natural rubber export-enterprises in Cameroon 
realtive to production technology and corporate organization of production. A senior management 
staff stated that the following criteria were used for factory location: proximity and accessibility 
of transport facilities to source raw materials (latex and field coagula) from suppliers55 and 
evacuation of processed products (RSS and CNR 10 CL) to the Douala seaport for shipment to 
                                                 
52
 Interview with the Group Rubber Manager 
53
 This is Mukonje factory, which represents in this study the set of CDC rubber factories (4) located in rural area 
54
 This is Tiko factory, the only CDC rubber processing which is located in an urban setting (close to a community) 
55
 The CDC plantation estates, contract rubber tappers and smallholders 
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international markets; basic infrastructure56 and labour supply applicable to all the case studies in 
this research. Also rapid urbanization rate in some localities is at the centre of hidden grievances 
between rubber industrial system stakeholders (resident communities, health facilities, municipal 
authorities and visitors). 
 Mukonje factory is about 10km from the fringe of the Kumba urban town in 
Meme Division (considered a rural milieu). It relies on own water supply system and an internal 
communication network but also depends on public/private service providers e.g. electricity, road 
infrastructure and mobile telephone network communications. It is located in close proximity to 
rubber plantations and CDC-dependent residential communities lodged in the CDC houses (see 
Figure 6.4).  
 
 
 
 
 
 
The extensive nature of plantation layout has encircled villages that jointly share water resources 
with the factory. The factory was established in 1963 and uses simple techniques to process latex 
into RSS. Wet rubber wood from the plantations is used as biomass energy source to dry and 
smoke rubber sheets. 
 Tiko factory is located near Tiko town center next to the main road serving 
the commercial, residential, educational establishments and administrative neighbourhoods. The 
factory shares physical space with the CDC-dependent facilities (labour camps housing factory 
and plantation workers, Cottage hospital, Technical Services Department of Tiko Factory) and 
non-CDC-dependent residential communities (schools, health facilities, commercial centres, and 
                                                 
56
 Road networks, social welfare facilities such as lodging, health care centers, recreational/sports playgrounds 
Figure 6.4: A view of the CDC-dependent communities’ residential quarter in Mukonje 
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religious and government institutions). The factory is almost engulfed by residential communities 
(CDC-dependent and others) due to rapid urbanization and poor land use planning, which creates 
uneasy calm in some segments of the factory networks (unofficial complaints about malodour 
from the factories). Expansion of future factory facilities may be constrained due to the current 
mayhem in land use planning in the factory vicinity. But curiously there is an industrial zone at 
about 15km from the present factory site in a location called 57Ombe in the Tiko. The total surface 
area of the factory and wastewater treatment system is estimated at about 80,000 meters square 
(authors’ estimate)  
6.2.2 Socio-economic profile 
 Mukonje factory case processes latex into sheet rubber producing on the average  
2,000 tons of RSS per year. It started its operations in 1963 and has seen little upgrading in its 
production technology A CDC-dependent residential community next to the factory supply labour 
to the factory and plantation operations. There are 136 males and 62 females, totalling 198 
working in this case study area. A factory staff stated that “In 2003, Moungo village residents 
rioted over factory excessive water use and poor water resource management that limited their 
rights to clean potable water”. 
 Tiko case study processed field coagula into TSR branded as CNR 10 CL almost 
6,800 tons per year. Its labour force comprised 270 workers (157 males and 113 females) of 
varying levels of education and skills, who work in shifts of 8 hours per day. The factory has been 
in existence for more than 50 years and was upgraded in 199458 to increase its throughput from 
0.5 ton per hour to 1.8 ton per hour and to improve product quality. In addition, under pressure 
from environmental authorities, wastewater treatment pond system and wet scrubber were 
installed to mitigate effluent pollution and air pollution from rubber dryer flaregases. In all the 
cases labour force is made of both males and females with varying levels of education from 
factory engineers to semi-educated workers who have been trained on the job skills to run the 
factory.  
                                                 
57
 Ombe is an industrial zone under the management of MAGZI in Tiko Sub-Division 
58
 Interview with factory manager indicated introduction of wet pre-breaker in initial size reduction stage, use of 
blending tanks, transfer of raw materials from one tank to another under motion by bucket elevator system and 
loading of final crumbs to the drier boxes with solid pumps through a vibrating perforated screens and hopper. The 
bales are then passed through a conveyor metal detector prior to wrapping of the blocks. Also a wastewater treatment 
pond system was installed to comply with environmental regulations and reduce malodour problems creating uneasy 
factory-community relations 
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Also a branch of the agricultural workers union in Mukonje and Tiko ensures the protection of the 
workers social welfare. Both cases export processed products to highly competitive international 
markets (EU customers-Michelin France 80%) among other major exporting countries such as 
Thailand, Indonesia, Vietnam and Malaysia. CNR 10 CL is marketed under specifications 
determined by the Standard African Rubber (see appendix) while RSS is market by visual 
inspections. The domestic market is quasi inexistent. 
6.3 Environmental profiles and impacts of natural rubber processing factories 
6.3.1 Environmental profile 
 Input Material:  
Raw material suppliers are the CDC plantation estates (supplies almost 90%), ‘contract rubber 
tapers59’ and ‘smallholders60’. The vertical integration of estate suppliers and processing factories 
via an internal accounting mechanism ensures that Total Quality Management (TQM) is enforced 
from the factories upstream the rubber value chain. All deliveries to the factory are subjected to 
quality controls for contaminants (stones, dead organic materials, metals etc) and good quality 
raw materials (latex/cup lump) from field operations.  
 Water use  
In Tiko factory, water used for processing field coagula is sourced from surface rivers running 
through the plantations and subjected to some primary treatment. It was noticed that despite the 
factory’s location in an urban setting with existing public water utility SNEC (water service 
provider), the CDC Tiko case operated its own water system, and water needed for cleaning and 
production process is drawn from Ndongo River in Mutengene, 6 km from treatment station. Raw 
water treatment involves filtration (strainers at intake point take out leaves, then sand filter) and is 
subjected to chemical treatment (Alum sulphate coagulates suspended particles while calcium 
hypochlorite is used as disinfectant). Tiko factory, according to the CDC water engineer, 
consumed 15 m3 of water per ton in 2006 per ton of processed cuplump. Two water lines exist, 
the first one is untreated raw water after primary treatment supplies the FC production line while 
                                                 
59
 Contract Rubber Tapers are registered experienced rubber tapers who manage less productive portions of the 
plantations and mandatorily sell the produce to the CDC 
60
 Small Holders are private individuals who own their plantations, manage and sell produce to the CDC 
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chemically treated61 lines supply domestic use and CV lines at the Tiko industrial set up. The 
large water consumption is the result of high product quality standards as rubber buyers set it. In 
parallel this results in the generation of large volumes of acidic wastewater rich in uncoagulated 
rubber and other organic wastes in the production lines.  
The main uses of water were as process water, cleaning equipment, floor washing, and wet 
scrubber. High quality demands from customers and almost ‘free’ abstraction forced the factory to 
indiscriminately use copious amount of water without a policy on factory water conservation, 
generating large quantities of wastewater that could be costly to treat as a condition for 
environmental regulation compliance.  
Raw filtered water is used in the crumb line production process while treated water is used for 
latex line and domestic consumption (CDC staff and part of Tiko town). The company only pays 
treatment costs despite the existence of regulations on industrial water use. Wastewater drained 
into the oxidation pond (biological wastewater treatment system) next to the factory but not 
before residual rubber particles are recovered at the rubber trap by straining and no 
microorganisms were added to wastewater to reduce foul odour arising from the biodegradation of 
organic compounds (see section 6.3 on wastewater treatment). In Mukonje factory case water is 
sourced from a nearby river, subjected to same treatment as in Tiko but in 2003 saw public 
demonstrations from Mungo Village inhabitants over poor water resource management 
threatening their right of access to portable water. 
 Energy use 
AES-Sonel62, sole urban electrical energy service provider supplies electricity to both factories 
but poor service quality has forced the CDC to procure diesel-powered generators as backup 
source especially during power cuts (more frequent during the dry season). The factory consumes 
about 1.664.000 kW of electricity per year. The subscribed load to AES-Sonel was 500 kW; 
penalty is paid when consumption goes above this limit. Measurements of electricity consumption 
are made by the technical services. Factory installations (semi-automation) are energy intensive 
either by design or old age thus increased production costs. Wastewater from the factories is 
                                                 
61
 Alum sulphate coagulates suspended particles while calcium hypochloride breaks down biodegradable organic 
matter components in water. In 2006, 4,741kg of Alum sulphate at cost of FCFA 1.3 million while 1270kg of calcium 
hypochloride at FCFA 3.1 million were used for water treatment.  
62
 Corporate entity with monopoly legal right for urban electricity supply 
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pumped into oxidation ponds located in the vicinity of processing plant consuming a lot of 
electrical energy in Tiko. In Mukonje factory fuelwood and electricity are used as energy sources 
to smoke and dry rubber sheets and to drive processing machines. 
Other solid wastes in Tiko case are wooden crates into which rubber is stored prior to shipment 
and plastic sheets arising thereof (see Figure 6.3 f). No clear corporate policy on the management 
of packaging solid wastes. 
 Production Technology at Mukonje (RSS processing line) 
The production processes in the rubber factories in Mukonje and Tiko are presented in Figures 6.1 
and 6.2 respectively and indicate discernable differences in inputs, technology and nature of 
production. These factors determine the degree of environmental impacts associated with rubber 
production sector. The operational capacity of the Tiko factory is 1.8 tons per hour of the installed 
capacity of 3 tons per hour (i.e a little over 50% efficiency) of high graded rubber (CNR 10 CL).  
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Source: Compiled by authors based on 2007 data, interviews and observations   
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Figure 6.5 The production process of Mukonje RSS factory 
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The production process of RSS is done through the transformation of fresh liquid sap collected 
from rubber tree to ribbed smoke sheets (RSS)63. It is a method of conversion widely adopted by 
rubber growers due to its lower cost, viability and simplicity. Prior to processing, the fresh liquid 
sap, conveyed by trucks equipped with tank (Figure 6.6 a), is subjected to quality inspection 
(Figure 6.6 b & c) to remove dirts and other impurities and harmful objects. 
The different stages in the processing line involved acidification and coagulation (Figures 6.6 d). 
Here it is important to note that coagulation is a chemical reaction, which destabilises the 
configuration of proteins molecules in rubber molecule thus allows rubber particles to irreversibly 
separate from the liquid serum. Thereafter acid is added and properly mixed with the coagulated 
rubber in order to lower the pH down to a value close to 4.6, which is considered to be ideal. The 
product obtained, in the form of froth or slabs of coagulum are inserted into the tanks for 
maturation. During this process the slabs of coagulum are allowed to mature for a period 
comprised between 12 to 36 hours before further processing. At this stage, some mechanical 
works (Figure 6.6 e) take place that include: (i) Sheeting and dripping matured slabs in the 
sheeting battery equipped with pairs of rollers and set of grooves to “rib” rubber sheet. After 
having been milled, the sheets are drop into washing and antiseptic water and later on cut and feed 
into carriages where they are dripped (Figure 6.6 f). (ii) Drying; whose duration ranges from 4 to 
5 days at operating temperature of 60 to 80ºC (Figure 6.6 g & h); and (iv) Grading and packing, 
whereby RSS are graded by visual inspection. The inspection is based on the significance of 
visible particles around its surface. This is in fact the criterion used as a determinant factor to 
charactrize the quality of RSS. Thus the grading system starts with RSS1, which is the best 
quality and followed by RSS2, RSS3 etc. Prior to shipment the graded sheet are pressed into bale 
of 111.111 kg each and coated (Figure 6.6 i & j). 
Finally, it should be noted that Mukonge factory is not equipped with a wastewater treatment 
facilities. Therefore the effluent leaving the factory is drained to the waterways (without being 
treated) using a canal (Figure 6.6 k). 
 
 
                                                 
63
 (Ribbed sheet by Baby Kuriakose and K.T. Thomas in Natural Rubber, Agro management and crop   processing, 
pages 386-397) 
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Figure 6.6: Some of the illustrative pictures of RSS production processes  
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 Production Technology in Tiko 
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NB: Appendix G depicts the material flow of FC production cycle.  
 
 
Fig 6.7: The production process of Tiko rubber factory (CNR10 CL) 
Shipment  
Maturation (around 8 days) 
 
Cutting, washing, blending 
Crepping, sizing 
Granulating 
Washing 
Granulating 
Mixing  
Drying 
Harvesting, weighting, pressing 
and , sampling  
Packaging  
Washing 
  
                                                                                                                                             
88 
The main production processes of high-grade rubber (CNR 10 CG) first start with maturation of 
field coagula in the bay (Figure 6.8 a). Thereafter different processing takes place as follows: 
washing, size reduction, blending, drying and compaction generating wastes/emissions at each 
stage. Processing at the factory level starts with pre-spraying of cup lump rubber, cut into slabs 
(Figure 6.8 b). Then cup lump rubber is transferred to rotary screen followed by washing tank 
(Figure 6.8 c) to remove impurities. Further washing takes place in tanks (3,4,5), then creeping in 
creepers and shredding process further reduces the size into smaller particles called ‘crumb 
rubber’ (Figure 6.8 d) which is subsequently granulated by a pair of rollers. Each roller equipped 
with water sprayers washes away non-rubber particles. Crumb rubber is finally washed in tank 6 
before final creeping and shredding processes. Prior to drying, crumb rubber is cleaned once more 
by sprayers installed in the shredder through. Shredded rubber shaped into rectangular blocks 
using moulds, then dried using diesel driers at temperatures of 110˚C for 13 minutes per mould. 
All waste from mould blocks and overflow water from cleaning tanks were discharged into a 
drainage system. A wet scrubber captured flue gas from the drier. The dried crumb rubber was the 
weighed and compacted into 33.33 kg rectangular-rubber blocks (Figure 6.8 e), wrapped in plastic 
sheets and loaded into wooden crates pending export to maintain shape in storage (Figure 6.8 f). 
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Figure 6.8: Some of the illustrative pictures of the production processes of CNR10 CL 
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The factory was last upgraded64 in 1994 leading to more semi-automation of the production 
process and processing capacity increased from 0.5 tons per hour to 1.8 tons per hour. The main 
motivation was to improve production efficiency to meet customer quality specifications but with 
secondary aims such as the installation of a wastewater treatment system (see Fig 6.9 below) and 
wet scrubber to capture flow gas from the rubber driers. This represents, in some degrees, a kind 
of best environmental practices adopted by the corporation in Tiko natural rubber processing 
factory. 
6.3.2 Environmental implications of Mukonge rubber processing factory 
An assessment of conversion of fresh latex into RSS shows that it involves, in addition of a 
considerable amount of water and energy consumed, the use of many chemical (mostly acids 
which have the effect to decrease pH) inputs that characterises the acidic nature of the effluent. 
Due to the fact that Mukonje factory lacks a wastewater treatment plant, the said effluent is 
discharged directly into the rivers emptying in the Atlantic coast marine ecosystem without prior 
treatment. In addition, production technology was quite simple though industrial using wet rubber 
wood for smoke drying chambers. In reference to Table 4.2 the high BOD and COD contents of 
RSS factory effluents indicate that total solids are mainly organic. Near neutral pH favours 
bacterial proliferation that can potentially degrade aquatic ecosystems. 
With reference to this lack of effluent management, the industrial manager unit argued that 
effluent leaving the factory is first drained through rubber field - and as such it is gradually 
purified - before being released into waterways. This is perhaps an interesting argumentation to 
justify the harmlessness of the effluent; however we contend that improvements in the 
environmental performance of the said factory remain a viable option. This can actually take place 
in the form of implementation of either furrow irrigation (by gravity) or pipe irrigation to feed 
back the entire effluent onto, for instance, rubber plantations. Since such better effluent 
management practices is yet to take place, it is likely that wastewater released in Mukonje factory 
can still be considered harmful to the natural ecosystem. 
 
 
                                                 
64
 Introduction of wet pre-breaker at the start of size reduction stage, use of macro-blending tanks, bucket elevator 
system transfer raw material between tanks under motion and eventually load final crumps to the drier boxes through 
a vibrating perforated screens and hopper. 
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6.3.3 Environmental implications of Tiko rubber processing factory 
The evaluation of the efficiency of the WWTP in Tiko is not based on quantitative analysis65. 
Rather it tries to assess the performance of these settling ponds, whose function is to treat the 
effluent, based on facts (e.g. malodour of the wastewater that causes uneasiness to the nearby 
residents), careful observation of the processes and the point of views of experts and practitioners 
in the field of environmenent and resources 
According to the CDC Group rubber staff the design of the WWTP (Figure 6.9) in Tiko can be 
considered ecologically sound, despite some minor problems related to its maintenance66. The 
CDC staff alleged that wastewater and its constituent elements were unharmful to the 
environment (especially the marine ecosystem). They further argued that living fish in the lagoons 
indicated the harmlessness67 of effluent to freshwater. In what follows we will discuss more 
systematically the aforementionned assertions since such argumentation necessitates supportive 
evidences to be approved. We will therefore strive to assess the environmental performance of the 
pond system in Tiko factory, following its processing line and the different treatment stages.  
Before discussing the environmental performance of the said treatment plant, we first present 
some illustrative pictures to support our analysis. 
As regards the working principle of the said pond systems (see the pond layout in Figure 6.9), it 
combines the following operations:  (i) Wastewater leaving the factory is first settled into the 
rubber trap (primary clarifier). Thereof it is pumped via a PVC pipe and discharged into the first 
two anaerobic ponds (secondary treatment stage), where organic and inorganic compounds are 
supposed to be degraded. (ii) Then, thanks to the principle of flow, the wastewater is transferred 
again via PVC pipes from the anaerobic ponds to the aerobic ponds (tertiary treatment stage). At 
this stage other biological treatments should normally take place to convert and degrade the 
                                                 
65
 The red stars in Figure 6.9 indicate the possible influent and effluent measurement points required to assess the 
efficiency of the pond systems in Tiko factory. But CDC lacks data and parameters so as to characterize the 
environmental performance of rubber effluent. In addition, time constraints and financial shortage could not allow the 
authors to carry out such experiments on the ground. 
66
 Though the majority of the CDC Group Rubber staff shares this view, the authors did not totally agree with them. 
In fact we have been questioning the performance characteristics of the wastewater treatment station of Tiko factory 
for many reasons, as section 6.3.3 denotes. 
67
 This statement was made by the CDC Group Rubber staffs to contend that the design of the pond system in Tiko 
factory prevents pollution. However the authors could not fully support such argument due to the lack of quantitative 
indicators; especially the characteristics of effluent discharged to the sea. Also life fish in an aquatic milieu is not 
always an absolute indicator of the low degree of pollution, though in this case it can be considered as a good 
indicator in some degrees. 
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remaining organic and inorganic compounds. Finally effluent leaving the aerated basin is 
channelled and discharged into the sea located at a distance of 5 km.  
The next picture (Figure 6.10) shows a partial view of the pond surface, which clearly denotes the 
growth of green algae that creates a film in the surface of both anaerobic and aerobic ponds. This 
indicates that the appearance of the surface of all the four ponds is similar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.  
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Figure 6.10 Partial view of the surface water of wastewater pond system of Tiko factory 
- - -----------
--------------
------ - - - - - 
   Fig 6.9: Layout of the wastewater pond system of Tiko Rubber factory (The CDC) 
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One stage of our investigation revealed that lush green vegetation68 was the consequence of 
nitrification and eutrophication, which could result in oxygen depletion, capable of killing fish 
and other marine species (Leong et al., 2003). The phenomenon observed in Figure 6.10 indicates 
high nutrient enrichment of the wastewater in the ponds, which therefore raises concerns about its 
efficiency and potential impacts when discharged into the nature without measuring its 
characteristics. Eutrophication69 normally occurs in case excessive amounts of phosphorus and 
nitrates contained in the wastewater are discharded into the ponds; and under these circumstances 
algae and aquatic plants are likely to be produced in large quantities. Also one important thing to 
note here is that when these algae die, bacteria decompose them and use up oxygen (that 
obviously leads to oxygen depletion in the pond aquatic milieu). 
We could supplement our assessment concerning the environmental performance of the pond 
system in Tiko after a field visit paid to Roskilde municipality environmental unit (R/A 
Bjermarken, a WWTP). Based on our observations and an interactive discussion with the staff of 
the said environmental unit, we contend that among the methods of effluent treatments (Figure 
6.9) technology being practised in the CDC natural rubber processing (primary, secondary and 
tertiary treatment stages), Tiko rubber factory only performs the primary stage in a way that can 
be considered ecologically acceptable (the WWTP in Tiko is equipped with a rubber trap to hold 
the daily efffluent and for recovery of rubber particles and reduction of suspended and settleable 
solids). It has been proven that a good rubber trap removes about 60% (Leong et al., 2003) of total 
solids and reduces the load in secondary treatment. This was a common practice in all TSR 
factories including Tiko indeed, but without any sensitivity analysis the appraisal of the 
performance characteristics (concerning efficient recovery of rubber particles and reduction of 
suspended and settleable solids) of the existing rubber traps remains partial. 
The rubber trap in Tiko factory (Figure 6.11) is in fact a long trench constructed with stones and 
concrete with a serie of baffles to permit up and down flow. Also, it is equally important to 
mention that the recovery of rubber particles and other suspended solids involves manual 
operation. 
                                                 
68
 The lush green vegetation formed by algae also proves that wastewater is not toxic to algae 
69
 Eutrophication usually occurs due to overfeeding with nutrients e.g. N (nitrogen) and P (phosphor) elements. 
  
 
  
                                                                                                                                             
93 
 
 
 
 
 
 
After this stage (primary clarifier) the wastewater is pumped into the two anaerobic basins 
(secondary treatment) where, after degradation, the suspended solids settle and gases escape. 
Since this process is very slow, what we sensed in Tiko rubber factory is that the retention time of 
wastewater seems to be very high and this is probably one of the contributing factors to 
malodorous hydrogen sulphide gas (NB: the other source of the malodour comes from 
degradation of protein-rich serum when field coagula are stored in the bay prior to processing - 
see Figure 6.8 a). In fact, better effluent management practices suggest that the foul odour 
problem can be mitigated in case microorganisms that partially dccompose organic compounds 
are added into the ponds. But such process, which involves activated sludge, is yet to take place in 
the CDC. Furthermore the emission of hydrogen sulfide that contributes and gives rise to the very 
bad smell is usually a clear indication of the dominance of anaerobic processes (in not only the 
two anaerobic basins, but also the two aerobic ponds since the appearance of the surface of the 
four ponds looks similar). By saying this we do not deny that there will be aerobic conditions at 
the surface of the ponds, where the water is in contact with air. However it is not because algae 
are on the surface that will necessarily exclude the possibility of anaerobic conditions under the 
surface or close to the bottom of the pond.  
With reference to tertiary treatment (aerobic bassin), whose purpose is to remove the dissolved 
organic matter in order to reduce BOD, and in which the oxygenation of wastewater is supposed 
to be accomplished by aeration units (aerators), there is no mechanical aerator. In other words, the 
effluent after secondary treatment is passed on to these two aerobic basins but is not mechanically 
aerated either by turbines or impeller to stir the water and create a higher degree of disturbance, 
which can facilitate and increase the absorption of oxygen from the air; thus allowing bacterial 
growth whose particular function is to brake down organic compounds (to carbon dioxide and 
Figure 6.11 Rubber trap or primary clarifier in Tiko factory 
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water and ammonia or say nitrogen compounds containing ammonia to free nitrogen, which will 
be released in the air). For more details refer to appendix F which shows the influence which 
aerators may play in optimizing Nitrogen removal processes in a WWTP.  
To sum up, given the amount of organic matters present in a very large pond (around 19,034 m2 
for the two aerobic ponds) - and in the absence of any mechanical aeration - it is likely that the 
brake-down of these organic compounds undergoes a very long and slow process since it takes 
place through a complete natural process that covers quite a large area. 
The aforementioned argumentations prove that the efficiency of the treatment system in Tiko is 
confutative. In addition, the absence of monitoring by corporate staff and environmental agents 
apparently increased the inefficiency of the WWTP. In light with these deficiencies, Mr Matike (a 
senior staff at the technical service)70 acknowledged that the greenish algae growth appearance on 
surface of all the four ponds was the proof that the same phenomenon of biological processes 
(anaerobic) of the wastewater was taking place in all the four ponds. Therefore it could not be 
possible to assert that aerobic and anaerobic ponds were distinct. We contend that if standard end-
of-pipe treatment measures are in place, effluents are not a problem indeed. But it was doubtful, 
however, that such treatments were common in CDC’s rubber processing plants. We rather 
observed (in the case of Tiko pond for e.g) that considerable volume of wastewater was to be held 
over quite a long time for treatment and which required very large area of land including 
construction expenses, time and even additional electrical energy supply. 
Also further processes, which are concerned with sludge treatment, are not yet implemented in 
Tiko rubber factory. In fact, the effluents in both aerobic and anaerobic basins contain significant 
volume of sludge that is not treated and later on exploited. But best environmental and 
management practices suggest that sludge has to be clarified and filtered to not only obtain clear 
treated effluent but also to produce fertilizers for farmland (such application will help the firm to 
significantly substitute chemical fertilizers use thus reducing input material cost). A study on 
reutilization of wastewater in rubber-based processing plants in Southern Thailand supports this 
argument. In fact, and for reuse purposes, it has been demonstrated that an activated sludge plant 
(which is yet to take place within the CDC rubber-based factories including Tiko factory) coupled 
with anaerobic and aerobic systems is recommended to improve the performance of existing 
                                                 
70
 Personal communication March 2007 
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wastewater treatment systems and that using rock bed filtration for polishing effluent of treatment 
plant reduced raw water consumption by 69% and achieved 77% reduction in water discharge into 
the river (Leong et al., 2003). 
Last but not the least “Solid packaging wastes”71 such as wooden crates and plastic sheets had no 
clear management policy (Figure 6.12).   
 
 
  
 
 
 
Formerly the CDC used to incinerate all these packaging “waste”, but open-air incineration was 
discontinued by authorities because of their possible contributions to air pollution. At the time of 
the present investigation, plastic sheets were being collected in anticipation of nuturing a waste 
exchange relationship with Metropolitan Plastics Company72. Heat-treated wooden crates had no 
post usage corporate waste management policy, but can generate income if sold as fuel wood to 
nearby residents. 
6.4 Environmental Improvement options 
In this section we employ concepts embedded on cleaner production and waste minimization 
techniques to craft an integrated effluent management strategy to prevent wastes/emissions at 
source, reduction of energy and materials conservation, as they are developed in Section 4.5 and 
outlined in Figure 4.1. According to Leong et al. (2003) the application of these concepts in the 
natural rubber industry in Thailand resulted in environmental benefits. We shall attempt to use 
this model in the case study with the ultimate aim of seeking to improve environmental 
performance or at least demonstrate its potential in doing so in the CDC case studies.  
 
                                                 
71
 Wooden crates and plastic sheets are still considered as wastes because of no option to recycle them. 
72
 Plastic manufacturer located in Ombe industrial zone 15km from case study area 
Figure 6.12 Improper disposal of “solid packaging waste”in Tiko factory 
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6.4.1 Effluent and solid waste prevention and reduction at source 
 Good housekeeping 
Direct observations and informal conversations with factory workers indicated that water was 
considered as a ‘free good’ and abundantly available hence no need to conserve it. This view was 
myopic since it could neither identify the negative environmental impacts nor costs of wastewater 
treatment. Even some management staff did not consider water as a resource with economic value 
but recognised potential threats to natural ecosystems if factory effluent is discharged to surface 
water untreated. The absence of metering of water consumption and water conservation plans in 
the factory support this argument. Waste reduction or prevention is still feasible with existing 
production technology if and only if employees respect environmental guidelines, routines and 
regulations that limit waste generation and resource use to the barest minimum. Training 
employees on appropriate measures to reduce resource use and limit waste production backed by 
management support presents an opportunity for good housekeeping implementation. According 
to Leong et al. (2003) proper implementation of the following house keeping measures can save 
an estimated 20-30% of treated water per year and as such reduce organic pollutants load to the 
wastewater treatment system: 
- Use of efficient cleaning techniques such as high pressurized spring loaded hose nozzles 
for floor and equipment cleaning 
- Installation of automatically shut off hand washing taps reduced water consumption and 
wastewater generation from hand and body washing 
- Timely replacement of leaking pipes and clearing of clogged gutter 
- Control water overflows from overhead tanks by installing floating valves 
- Train workers on proper use (close tap when water is not being used)  
Waste reduction by segregation can potentially reduce quantity of waste and increase the quality 
of packaging waste. There was no clear evidence on the management of packaging solid waste 
prior to export e.g. wrapping plastic sheets, wooden crates. In the past they were burnt or dumped 
in open space of factory area and some found their way in the drains of the factory area. Burnt 
material polluted air and indiscriminate disposal reduces the estethic value of the factory space. 
However, efforts were being made to sort packaging solid waste into categories, gather into large 
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quantities and sell to retailers (wooden crates as fuel wood to poor workers) and plastics to local 
recycler and plastic manufacturer. The sludge at the bottom of waste treatment plant has never 
been put to any economic use. These wastes possess potential economic value if properly 
exploited and marketed can reduce waste while generating income. That is a “win-win” option for 
the company  
 Technological changes 
A senior staff in the electrical and electronic department of the technical services at the factory 
confided that “Some electrical equipment are old and obsolete, energy intensive and needed 
replacement to conserve energy use but this option requires more capital investments that was 
quite limited at time pending the CDC privatization process”. The metering of water use and 
wastewater generation and energy use are small technological changes with potentials to keep 
tract of material and energy flows in the factory, monitoring and improvement of resource use at 
various production phases. 
 Input material changes 
The use of high yielding grafted buds of rubber clones upstream in agricultural operations can 
produce latex with high DRC that limits handling of excessive effluent and excess use of energy. 
In the CDC factories raw material transported in lorry tankers (latex) and tipper trucks (cuplump) 
to the weighbridge for weight measurements, underwent strigent quality control to specified 
standard in order to reduce contaminants prior to delivery at the storage bay (Figure 6.6 b & c). 
This minimized potential waste to be generated downstream the production lines. 
6.4.2 On-site recycling  
It was noticed that all factory effluent in Tiko is jointly drained into the settling ponds after 
residual rubber recovery at the rubber trap. Factory wastewater is a mixture of high strength type 
(generated from rotary screen, creeper and moulding) and low strength effluent (from wet 
scrubber, shredder through washing). Prior to treatment residual rubber can be recovered at the 
rubber trap from high strength effluent and reused as raw material upstream while low strength 
wastewater, often times discharged into the equalization tank can be treated and reused for floor 
and equipment cleaning. Reuse of wastewater reduces the volume of liquid waste discharged and 
consequently minimizes pollution. Recovered fugitive rubber from the rubber traps was fed 
upstream the production line thus reducing loading of wastewater treatment system. 
  
                                                                                                                                             
98 
6.4.3 Off-site recycling 
Rubber serum is rich in micro and macro nutrients (Nitrogen, Phosphor and Potassium) that have 
been shown to be useful as a fertilizer for young rubber plants. The use of serum via irrigation can 
reduce the quantity and costs of chemical fertiliser use.  
A study on biogas generation from Standard China Rubber (SCR) processing effluent indicated 
that 30 meters cube biogas containing 60% methane could be generated from effluent in 
processing one ton of SCR and that heat generated was equivalent to almost 15kg fuel oil, that can 
account for 44% of heat energy needed for drying one ton of SCR, resulting in energy savings per 
year. The environmental strength of this approach is that environmental pollution from factory 
effluent was mitigated (Huag et al., 2001).  
There is a potential of using bottom sludge from wastewater treatment in the plantations to reduce 
cost of commercial fertilizer and stabilize soils but is not practiced in the CDC due to lack of 
technical knowledge and competence. 
6.4.4 Extra energy consumption in the waste treatment facilities 
The current wastewater treatment system in Tiko factory is a biological system composed of four 
ponds. Effluent is pumped out of the equalization tank into the ponds. Energy consumption of the 
15kW capacity pump cost 20,000 FCFA per day, which is considered very expensive by the water 
works engineer (see Figure 6.12). This can be attributed to a design error ignoring provisions for 
wastewater flow by gravity (because of the nearly flat nature of Tiko factory site). This again 
denotes how poor is the expertise of the CDC staff with regard to environmental technology 
knowledge 
 
 
 
 
 
 
 Figure 6.13: Watewater pump equipped with an electrical motor in Tiko rubber factory 
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Having presented what could be done technically to improve CDC environmental technology, the 
next section explores the contribution of different actors/institutions involved in the process 
environmental innovation of the CDC. 
6.5 Network of actors and institutions embedded within CDC rubber-based factories   
6.5.1 Business network 
The interactions and relations between actors in this network are dominated by economic and 
financial motivations. There are basically two types: vertical and horizontal interactions.  
 Vertical interaction from input suppliers to customers 
 Rubber raw material suppliers 
Input suppliers are rubber raw material (latex and field coagula) suppliers, chemicals, water, and 
electricity. The factories source raw rubber material from three categories of suppliers namely, 
CDC estates plantations, Contract Rubber Tappers and Smallholders.operating under different 
arrangements. 
The CDC estates are suppliers of more than 95% of the rubber crop to the processing factories 
whose accounting reconciliation mechanism is internally worked out at the Head office of the 
CDC in Bota. In 2006 they supplied 21,954 metric tons to all the factories, Contract Rubber 
Tapers (CRT) supplied 798 metric tons and Smallholders delivered 2,600 metric tons for the 
entire rubber group. CRT and Smallholders supply rubber in accordance with conditions in a 
written contract. CDC in return pays for good quality raw material delivered to the factory based 
on world market rubber prices. This arrangement among the produce suppliers guarantees timely 
supplies of raw material at fixed prices and also reduction of waste through strict quality control 
measures. However irregular payments of CRTs and smallholder crops sometimes resulted in crop 
theft and sale to other rubber processors within the sector The CDC uses its plantations to 
introduce high yielding rubber clones, control production costs, pesticide use and finally field 
quality controls and inputs use. Technical advice is given to small holders and CRTs on 
agronomic practices and measures to increase productivity. Apparently there was no waste 
exchange of materials between factories and production operations upstream. However, suppliers 
of raw materials to the factories can play a role in reducing the amount of waste generated 
downstream by respecting the strict latex or cuplump quality enforced by the CDC Rubber Group 
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management (see Figure 6.6b. Thus an opportunity for wastes and contaminants to be reduced at 
the factories through strict quality control measures.   
 Non-rubber raw materials and chemical suppliers 
Almost all non-rubber raw materials are sourced from the largest commercial centre Douala 
located less than 40km from the Tiko factory. The business is conducted on sealed bids after 
which contract terms on quality standards, delivery schedule and prices are determined. The CDC 
factories can apply “Just-in-time” inventory management techniques and insist on recyclable 
packaging materials. 
 Water suppliers 
Water is used for cleaning raw materials, equipment and floors. All water used in the factory is 
abstracted from Ndongo River about 6km from the Tiko water treatment station. Leaves and other 
plant debris are strained from raw water at the intake, filtered using a sand bed for the field 
coagulum production line. The only costs of water supply incured were treatment with Alum 
sulphate (coagulant) and calcium hypochloride (disinfectant) costing almost FCFA 4.5 million per 
year based on market price. Treated water is required by latex production line to avoid 
contamination that may affect quality of finished product. Large amounts of water are used to 
ensure good quality processed products in total disregard for environmental impacts related to 
water use and water quality degradation arising from the discharge of inappropriately treated 
wastewater into the aquatic ecosystems. One water works engineer said, “We source water from 
the rivers free of charge and water is abundantly available. There is no metering to monitor 
consumption at various processing stages”. This indicated lack of knowledge on water costs due 
to weak enforcement of industrial water use regulations and education on water conservation in 
industrial systems. In Mukonje in 2003, tensed relations over water use access rights resulted in 
violent public demonstrations from the inhabitants of Mungo village in close proximity to the 
CDC plantations. The relevance of water conservation plans in factories lies in its ability to 
reduce the generation of wastewater. 
 Electricity suppliers 
The sole electrical energy supplier is AES-Sonel that enjoys monopoly to supply power to urban 
centers in Cameroon including Tiko and Mukoje based on the privatisation contract agreement 
with government of Cameroon. Firms are not allowed to produce and sell electricity to the 
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national grid. This creates inertia in the firms to consider alternative energy sources. Frequent 
power failures have forced the CDC Rubber Group to purchase a backup diesel generator, 
increasing the running cost of the company due to poor service quality from AES-Sonel. There 
are potentials to generate biogas from factory effluent that could be sold to CDC staff or use to 
dry rubber thus reducing energy costs. One management staff said “the CDC is not allowed to 
carry out capital investments above 200 million FCFA limit without endorsement of the 
supervisory ministry based in Yaounde”. This investment policy constraint arising from heavy 
centralization of financial administration in state-own enterprises can constitute a barrier to the 
development of renewable energy sources (biogas generation) that can result in econmic and 
environmental benefits for the rubber enterprise. But even the possibility of generating biogas 
from factory effluent would require the characterization of the effluent, technical knowledge and 
capital investments, urban energy supply policy change which at present constitute major barriers 
for such options.  
 Recyclers 
At the time of our research there were no recycling companies active in the solid waste generated 
by rubber industry but plans were underway on packaging plastics waste exchange option with 
Metropolitan Plastics, (plastics manufacturer) based at the Ombe industrial zone 15km away from 
the Tiko factory. No clear corporate policy on the management of wooden crates73 that could be 
sold as fuel wood to low income plantation and factory workers or the local non-CDC community 
in order to generate income and effectively get rid of the solid wastes.  
 Customers 
All factory processed finished products are sold on the export markets of which Michelin France 
bought almost 80% for tire manufacture. Michelin raw material quality control staff did pay visits 
to the factories and train some workers in relation to the appropriate rubber quality they require. 
The CDC TSR (CNR10 CG) is produced based on quality specifications of the Standard African 
Rubber, which combines specification criteria for ISO 2000 and Standard Malaysian Rubber (see 
annex). Major customers of CDC rubber are: SMPT (Michelin & Kleber) France, Sogescol-
Belgium, Bridgestone/Firestone –Spain, Weber &Schaer –Germany, Groupe Arnuad- France and 
Safic Alcan – France. Visits from customers downstream (e.g. Michelin France) the rubber value 
                                                 
73
 Heat treated packaging solid waste after block rubber is loaded into containers for export 
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chain indicated that they could influence production activities along the chain in terms of 
enforcing quality standards. In a personal conversion with Group Rubber Management, it was 
stated that “Michelin France emphasizes more strongly on product quality rather than 
improvement of the environmental performance of the factories”. This clearly shows that the 
CDC is in fact in a chain, an effective business network indeed, but which is only related to 
quality and certification of rubber including some kind of improvement of technology thanks to 
the assistance of IRAD. 
 Horizontal interactions between case factories and other factories 
The absence of a national rubber market and the fact the factory do no conduct any direct sales 
made the issue of horizontal interactions of little relevance, however since CDC factories are 
specialised in the processing of one or two products, there was a tendency to transport crop over 
long distances for processing in factories thus costly in transportation and fuel consumption. 
 Interaction between the factory and other economic agents   
Economic agents that interact with (indirectly through the Head Office) factory are banks, 
taxation services, National Social Insurance Fund. In the past the CDC had benefited lavishly 
from state subsidies and loans but since the corporation was slatted for privatization, only the 
General Manager can make any comments on the issue74. Unfortunately we could not access him 
during the research period. It would have offered an opportunity to appraise the dynamic of 
interactions between the CDC and these economic agents. The CDC pays its taxes, export and 
import tax, excise duty, social insurance payments against retired workers to relevant authorities. 
6.5.2 Knowledge network 
The main research institute directly linked with CDC’s rubber production is IRAD (Institute of 
Agricultural Research for Development), which runs a programme on rubber agronomic research 
and also certification of rubber quality of the enterprise. However the CDC runs a rubber quality 
control laboratory on–site in Tiko and there was close collaboration with IRAD. Rubber 
certification activities were funded by the industries. 
Ironically the lone university in the region, the University of Buea had no direct collaboration 
and/or partnership with the CDC in terms of better management practices of effluents and solid 
waste in the realm of natural rubber processing. We do believe that if such research activities were 
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 Interview with senior level manager at the CDC 
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carried out in a jointly cooperation between the CDC, IRAD and the University of Buea, enough 
opportunities would have opened up for the CDC to explore new opportunities of: (i) reuse of 
wastewater after treatment for irrigation or recharge of ground water, (ii) the use of latex sludge 
on farmland as fertiliser, and (iv) biogas generation (this technology serves the dual purpose of 
reducing environmental pollution and energy recovery) since organic compounds can be 
fermented to produce methane.  
However, the kind of knowledge activity that the CDC is engaged in seems to primarily serve 
their customer needs. It was acknowledged, in the interview granted by the CDC management 
staff that training of staff did take place based on the needs and financial means of the corporation 
abroad (Malaysia, France etc). As such, it is likely that there is a very weak knowledge network 
around the CDC and more specifically local environmental capacity knowledge that is able to 
support and drive its environmental performance process.  
Besides these drawbacks Cameroon rubber sector is a member of the “International Rubber Study 
Group”, a forum information exchange on production technology, advice on marketing, 
production process and waste management technologies. CDC staff participation in conferences 
and training programs organised by this specialised rubber structure which can build and 
strengthen interactions within the factory networks since there is no local research institute 
responsible for educational and training programs covering marketing, product and packaging 
development, production technology and waste management technology. The CDC staff also got 
training from rubber customers, consultants e.g. contruction, monitoring and management of pond 
wastewater treatment system in Tiko. The CDC Rubber Group is a regular subscriber to the 
“International Rubber Digest” and collaborates with some rubber organizations in Malaysia more 
efficient in rubber production as a forum for institutional learning. 
6.5.3 Policy network  
This section seeks to analyze the roles of various actors and institutions at different strata of 
national environmental governance and explore how they can drive or impede the introduction of 
waste prevention and minimization in the rubber industry. The government actors involved in 
environmental management in the rubber industry at the national level are the Ministry of 
Environment and Nature Protection, Ministry of Industries, Mines and Technological 
Development, Ministry of Water and Energy, MAGZI, Ministry of Territorial Administration and 
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Decentralization, Ministry of Agriculture and Rural development. At the regional level, the 
Provincial, Divisional, Sub-Divisional Delegations of the aforementioned ministries under the 
technical administrative coordination of provincial delegates and the general coordination of the 
Provincial Governor and his support units downstream. At the local level it is the responsibility of 
the local councils in collaboration with the intervention of technical services to manage public 
sanitation and environmental concerns. 
The bulk of industrial pollution control lies in the helm of MINEP and MINIMDT, who elaborate 
policies and evaluate their implementation such that they can influence corporate behaviour along 
ecological lines. The Department of Standards and Control under MINEP and Sub-Department of 
Industrial Risks under the Department of Industries in the MINIMDT are all directly charged with 
overlapping roles in the enforcement of environmental regulation, monitoring and environmental 
awareness creation among industrial enterprises in Cameroon. 
So far the government agencies use environmental standards and regulations to manage industrial 
pollution through ‘Command-and-Control’ but its effectiveness leaves much to be desired due to 
shortage of manpower in quality and quantity; budgetary limitations render monitoring to be 
limited in scope and space. This was evident in Tiko and Mukonje cases where abusive industrial 
water use, inappropriate treatment or direct disposal of factory effluent into nature (Mukonje) was 
glaring because of nonpayment of pollution tax and surface water abstraction fees as stipulated in 
industrial water resources management environmental regulations The use of economic 
instruments in environmental management as prescribed by environmental law was yet to take 
root since the three-year moratorium for companies to regularise their environmental status 
expires but in January 2008. Also, some economic instruments aimed at assisting companies 
adopt environmental technologies were not in place due to lack of funds as Cameroon still 
recovering from a decade-long economic recession that started in the mid-1980s. These 
constituted some barriers in changing corporate behavior at the CDC to adopt environmental 
innovations in industrial waste management. CDC as a state-enterprise is closely related to 
government administrative bureaucracy that sometimes creates corporate inertia in adoption of 
environmentally friendly innovations e.g. capital investment ceilings that may impede some costly 
environmental projects such as biogas generation.  
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Local council staff charged with urban environmental protection lacked the know-how; access to 
environmental knowledge and financial resources to effectively discharge their duties in 
environmental protection according to the current environmental regulations75. 
6.5.4 Civic society network  
Local communities, social organizations and mass media have been known to influence corporate 
actions in an environmentally benign manner. Under this section we attempt to analyze and 
understand how much pressure these actors can exert on companies to push them along ecological 
lines. 
 Resident communities 
In our case study there was apparent evidence of poor waste management as dictated by the 
malodour we experienced during the research, a view supported by formal and informal 
interviewees. One interviewee said that “the CDC is too powerful to push around on their poor 
environmental performance major employer in the area where unemployment rates and poverty 
were rife. CDC-dependent hardly complained for fear of losing their jobs and victimization.” 
Some workers expressed concerns about the working environment but helpless to complain. Some 
residents next to the factory said “we are used to the odour it is no longer an issue.” A company 
staff categorically said “bad smell from rubber not harmful to humans and the environment”. 
These testimonies indicate lack of knowledge and environmental awareness on the potential 
threats arising from rubber factories. However, the principal of a nearby college in Tiko case 
stated that “Only an ignorant person would think that a factory located in the proximity of a 
hospital, residential houses presents no human and environmental threats. She further claimed the 
CDC is government institution too powerful to complain or engage a legal battle for its relocation 
or environmental improvements”. A factory staff in Mukonje case study claimed that “in 2003 
there were tensions between the Mungo village and rubber factory over access rights to water use 
which resulted in a negotiated win-win settlement rational water resource management”. This 
assertion indicates that communities can play a key role in environmental reforms once they 
become environmentally aware of industrial threats and insist on the community’s right to know 
which could be enabled by regulation forcing companies to present environmental reports of 
factories to the communities. 
                                                 
75
 Group discussion with Limbe Urban Council technical staff (March 2007) 
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 Social organizations 
Social organizations in the case area were mostly NGOs with focus varying from community 
development through forest biodiversity conservation, to natural resource protection that catalysed 
by current government policy and donor organizations distortions and interests. We could not 
identify social organization dealing directly with industrial pollution concerns. This is probably 
due to lack of knowledge on the right to know about industrial threats calling for more 
sensitization since these concerns were real. Moreover in Cameroon, most of the local NGOs 
generally lack financial resources, human capital and research capacities. NGOs are also poorly 
networked. A CERUT staff, local NGO active in natural resource management acknowledged 
threats from industrial pollution on the environment along the coastal zone of Cameroon (our case 
area), stating that it deserved equal attention from all the layers of the society. 
 Mass media  
The mass media is composed of radio, television, newspapers, public leaflets punctually report on 
general environmental issues. The recent issue on industrial pollution was the oil spill at Kribi 
coast terminal of Chad-Cameroon crude oil pipeline. No particular issues have been reported on 
rubber processing pollution. A possible reason could be that media houses cannot avail 
themselves to marketable information from industry environmental experts, since environmental 
research is still at a rudimentary stage in Cameroon and public awareness of industrial risks very 
limited. 
 Industrial safety and occupational health committee 
Natural rubber production is associated with some health risks (factories and plantations). 
According to the Chief Medical Officer of the CDC medical and health services the following 
occupational health problems have been identified: broken limbs and dislocations, eye injuries 
from latex at harvesting, lung infections caused by inhalation of volatile ammonia chemicals 
during field latex conservation processes, tapping knives injuries, road accidents (field operations) 
and at the factory shop cases of arms being chopped off, skin lesions on the fore arms due to 
negligence in the use of protective clothing. On the strength of these occupational health risks, 
industrial safety and occupational health committes have been set up in the rubber factories. In 
Mukonje, this structure composed of ten workers has the following objectives: educate workers 
on awareness of industrial risks and accidents; propose and implement measures to prevent 
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industrial accidents and relevant health issues; inform management on instances of accidents and 
suggest preventive measures. These measures can result in efficient resource use and cost 
reductions in the rubber production process. 
The above sections clearly show the limitations faced by the social actors in putting pressure on 
the CDC to innovate. The aforementioned developments also show that the public give the 
impression that they are concerned with industrial pollution, but apparently they don’t know much 
about what the related environmental problems are about. This led us to draw the conclusion that 
mitigation of industrial pollution is first and foremost a knowledge issue. In fact Knowledge about 
cleaner technologies and best environmental practices can help company to seize new 
opportunities and adopt environmental innovation. 
6.6 Summary 
What light does the case study throw on ecological modernisation theory to bring about changes 
on company behaviour in the Cameroon context? This question deserves a particular attention to 
first draw lessons learned from the field, and second be able to propose key interventions. 
So far, we have set out the theoretical perspective, which serves as a background for analysing the 
challenges that are prevalent in the path towards the adoption and implementation of cleaner 
technology in the CDC rubber industries. We have discussed the characterisation of different 
Cameroon’s institutional framework, laws and regulation to address industrial pollution and we 
have shown their inadequacy with the reality on the ground; we have discussed the issue of 
capacity building in the field of industrial pollution; the overlapping among the technical 
ministries that play a role in addressing industrial pollution. Finally, reviewing the case study, we 
share the view that a direct application of EMT in the Cameroon context is likely to lead to a 
failure for Cameroon’s institutional capability still is very weak and inadequate. But we have also 
shown in the case study that there exist potentials for the Cameroon context to use some of the 
pillars embedded in the EMT. We have done this by developing the so-called “quarted network” 
model. What conclusions can be drawn this far? 
Based on the findings and analysis of the case studies, we suggest in the next chapter a revised 
analytical approach whereby tentative efforts are made to identify effective drivers to both 
supplement Cameroon’s current environmental regulation and strengthen the CDCs network in a 
manner that provides more incentives to drive environmental innovations. In other words, we here 
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attempt to first use the actual network where the CDC is embedded in (its normative network) to 
provide an effective network (a more analytical one) capable of ecologically transforming the 
CDC rubber production industrial system, and in the second place to assess its implications. 
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7. Integrative Concluding discussions: The environmental reforms challenge at 
the CDC rubber industry  
7.1. Introduction 
There is no denial that the natural rubber processing industry is an important contributor to export 
revenue, social and regional development (via employment and industrialization) but the 
downside of this industrial sector lies on its potential to partially contribute to environmental 
degradation along the coastal region of Cameroon (host to major rubber processing enterprises). A 
major argument for this scenario is based on weaknesses in the implementation of the formal 
environmental regulation and institutions of the current environmental policy system. Taking our 
point of departure from the complex nature of environmental challenges, limited capacities of 
rubber processors and environmental authorities, this research seeks to address this fundamental 
question:  
How can the CDC natural rubber processing factories improve their environmental performance 
(improvements to processing and wastewater management) and become more environmentally 
innovative?  
To this end we found that the said environmental performance is embedded into institutions and 
knowledge network (factors/actors, which determine companie’s capability to engage and carry 
through adoption of environmental innovation). In this revised analytical framework, we strive to 
differentiate between the actual network of the CDC and the network that is necessary to secure 
some kind of environmental innovation.  
Coming back to the theoretical discussion on EM, Environmental management strategies and 
network perspective have been employed to analyse what kind of network could be necessary for 
the CDC to improve its environmental performance and innovate (environmentally). These 
theoretical frames include: (i) win-win concepts, (ii) kinds of institutions and (iii) kinds of 
networks. But given the complexity of the present environmental challenges and the limited 
capacities and resources of both the CDC and its network relations (environmental authorithies, 
University etc), we shall try to analyse these issues by evaluating the contribution of various 
actors and institutions around the CDC natural rubber processing industries in order to identify 
what are the suitable strategies to improve CDCs environmental performance. 
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This chapter elaborates, in section 7.2, a discussion about the similarities and dissimilarities 
between Mukonje and Tiko rubber production systems’ environmental performance, and assesses 
the barriers and opportunities (through the evaluation of the constribution of actors and 
institutions interacting in the CDC’s network) in the deployment of preventive waste management 
approaches and technologies in natural rubber processing factories.  
7.2 Comparative evaluation  
The CDC case study factories explored in this study revealed some barriers and opportunities 
towards improving the environmental performance of their respective production systems. These 
issues shall be unravelled in the subsequent sections in two parts. Firstly, we evaluate the 
industrial waste management practices and the opportunities of improving the environmental 
performance of the factory industrial systems. Secondly, we provide a critical analysis of the 
Cameroon institutional environment and regulation affecting the CDC rubber industry as inspired 
by EMT. In other words, we examine the key dynamics, mechanisms, institutions and actors 
embedded in the company’s complex networks (social, economic, political and knowledge) 
critical to the introduction and adaptation of integrated approaches and waste treatment measures 
in rubber factories and posibilities of improving the environmental performance (see section 6.4). 
In essence this change process will require a “technological effort” (Amit, 2000)76.  
7.2.1 Comparative analysis of case study factories environmental performance  
In Chapter 6 we illustrated the potential negative environmental impacts of the two case rubber 
factories. The case studies revealed the challenges faced by rubber enterprises, government 
agencies in handling environmental concerns related to water, energy use and mangement of 
wastes (liquid, gaseous and solids) in industrial systems. Based on the indicators in Table 7.1 we 
observed that the CDC management currently operates two levels (double standard) of industrial 
waste management practices. This is clearly indicated in Figure 7.1 a & b. In this respect, the 
dissimilarities and similarities of the case studies are analyzed hereunder to identify the barriers 
and opportunities to improve industrial environmental performance. 
                                                 
76
 The innovative actions and activities a company takes to search, appropriately select, acquire, adapt and improve upon the technology to suit 
local circumstances, culminating in the company’s mastery and increased technological capabilities are determined in our case studies by both 
internal and external factors. The internal factors relate to factory’s ability to develop or adopt new and clean technologies; whereas external 
elements relate to the availability of those factors critical to technological effort and adaptation in environmental performance of these firms. 
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Availability of 
wastewater treatment 
plant 
Environmental problems Factory 
Type of 
wastewater 
treatment 
plant 
Wastewater 
reuse 
Wastewater 
characteristics 
From the 
effluent 
(BOD, COD, 
SS etc) 
Wastewater Air 
pollution 
Smell 
Improvement Factory 
location 
Tiko Yes: An 
association 
of both 
anaerobic 
and 
aerobic 
ponds  
No ND Yes ND Yes 
malodour 
problem 
No Urban 
area 
Mukonje No  No ND Yes ND No No Rural 
area 
Legend: ND: Not determined 
 : High 
Source: Analysed and compiled by authors (2007)  
Table 7.1 Comparative data analysis of the CDC rubber factories on environmental problems 
and effluent treatment 
 
Virgin 
raw 
materia
ls 
Waste 
discharged 
into nature 
process
ing 
energy 
RSS 
Figure 7.1(a) Current industrial WM 
practices in Mukonge 
treatment 
Virgin 
raw 
materials 
Remaining waste 
discharged into  
nature 
processing 
energy 
CNR 10 
Fig 7.1 (b) Current industrial WM 
practices in  Tiko 
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 Dissimilarities of case studies 
Geographical and production technology disparities can influence environmental impacts. Case 
study factories produced different products and were located in two contrasting geographical 
areas based in the South-West Province of Cameroon. Factories are all owned by the CDC and 
located on its land. One factory located in the rural77 area processed RSS whereas the other one78 
located in an urban setting processed raw rubber to CNR10 CL. These differences provided an 
opportunity for the comparison of their performance. It is our conviction that they are 
representative of the general rubber production systems common in major natural rubber export-
enterprises in Cameroon (in terms of both production technology and organization of the 
production). Unfortunately the CDC Rubber Group does not produce concentrated latex, thus 
excluded from this analysis.  
Another outstanding difference between case studies was the level of adoption of end-of-pipe 
environmental technologies in industrial waste management. The impact of environmental 
regulation enforcement was more evident in urban area than rural either due to proximity (poor 
road infrastructure, manpower shortage) or limited budgets. The WWTP in Tiko to treat rubber 
factory effluent was put up under pressure from environmental agents79, whereas Mukonje factory 
(limited environmental pressure) directly discharged effluent untreated into the nature (see Figure 
7.1). This clearly shows that the CDC partially exploited the weaknesses of current industrial 
environmental regulation and institutions to operate double standards in its industrial waste 
management policy and only reacts to environmental regulatory pressures at the lowest level of 
waste management hierarchy. From this we learned that the CDC has adopted a reactive attitude 
toward environmental innovation. But such situation usually occurs probably due to the way 
communication of environmental demands is passed on to industrial firms by the authorities and 
when their content may simply ignore or give less attention to companies’ business perspectives.  
Incidentally, public participation to drive industrial environmental reforms was limited and 
variable. Both factory staff and residential communities were indifferent to the foul odour80 from 
Tiko factory. Interviewees (formal and informal) in residential communities demonstrated inertia 
towards industrial pollution in Tiko, while in the Mukonje case some village communities (non-
                                                 
77
 This is Mukonje factory, which represents in this study the set of CDC rubber factories (4) located in rural area 
78
 This is Tiko factory, the only CDC rubber processing which is located in an urban setting (close to a community) 
79
 Ministry of Water, Mines and Energy at the time (interview with water works engineer in Tiko, 2007) 
80
 Arising from the decomposition of protein-rich serum, gases emitted from the anaerobic ponds 
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CDC-dependent) publicly protested in 2003 against industrial water resource management that 
threatened their undeniable and constitutional rights to clean water. Generally direct economic 
and social benefits from the company may have prevented communities from exerting public 
pressure that can force the company to adopt sustainable environmental management practices In 
addition moral corruption, political connections and fear to lose job made residents to resign to 
their current tolerance of environmental industrial risks81. We also experienced during our 
research this obnoxious odour from the factory. Though the CDC management claimed that it was 
not harmful to human health (even in an absence of any scientific study and data), they also 
recognised that public uneasiness from foul odour was sufficient enough for factory relocation.  
In essence the level of environmetal awareness and access to environmental information was quite 
limited among the residents and local institutions. 
 Similarities of the case studies 
Both factories extracted raw materials downstream (rubber plantations), fresh water from rivers, 
electrical energy to produce exports industrial grade natural rubber. They exhibited potential 
environmental damage. It is well known that rubber processing requires a lot of water but water 
supply is not an issue82 in this case study area with annual rainfall distribution of 1800-3000 mm 
per year. Although rubber factories use large amounts of water the biggest concern lied in the 
rapidly deteriorating water quality due to the discharge of untreated or inappropriately treated 
pollutants in factory effluent posing discomforting malodour to nearby residential communities 
and ecological industrial risks. Energy use was not a serious concern but had to incure costs to 
purchase diesel-powered generator as standby power source due to frequent power cuts from lone 
service provider. There were plans to collect solid packaging wastes (plastic wrappings, wooden 
boxes) in sufficient quantities for recycling by local plastics manufacturer and sell wooden crates 
as fuel wood to local residents rather than incinerate in open air as in the past to reduce air 
pollution. 
 The results of this research proved the lack of knowledge and information on both 
environmental technology research and innovation (in terms of water and energy conservation, 
newer waste management practices such as cleaner production and EMS). This represented some 
                                                 
81
 Formal and informal interviews with affected communities and personal communication with individuals 
82
 One staff member of the Technical service of the CDC asserted this. But we think that if water conservation policy 
is to take place it is because it impacts on the reduction of the volume of wastewater generated. 
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kind of missed “win-win” opportunities incarnated in the adoption of cleaner production as an 
environmental management approach at the corporate level. For instance data on wastes and 
emissions from factories was unvavailable limiting opportunities of waste exchange with other 
sectors or adding value to the wastes e.g. biogas energy in Tiko, latex sludge in wastewater 
treatment plants for fertilizer use in nursery plots Hence the need for research and relevant data 
generation to improve environmental performance and innovation in corporate Cameroon. 
 Evidence from the research also suggested poor coordination of corporate 
environmental management policy despite the large size and importance of the CDC Rubber 
Group. Environmental management remained largely uncoordinated and handled by technical 
staff in the factories (electrical and mechanical engineers mostly). In addition, no staffs were 
directly responsible for corporate environmental management policy such as environmental 
planning, environmental audit, environmentally projects, and stringent implementation of 
environmental regulation and effective monitoring of installed end-of-pipe technologies. In our 
view the CDC still sees environmental concerns as add-on costs rather than economic investment 
opportunities that can also increase corporate competitiveness. 
 In general the management and treatment of effluent is characterized by an 
insufficient use of known pollution prevention technologies (metering water use, less energy 
intensive motors). All factories are shut down once a year for general factory equipment 
maintenance planned to coincide with temporary suspension of rubber tapping (yield 
enhancement practice). However frequent breakdowns occurred due to the relative obsolesce and 
inefficiency of production equipment in the industrial plants. Technical Services, carry out 
interventionist support to factory as need arises. An engineer manages the factory while other 
workers of varying knowledge and skills acquired on-the-job or training abroad and seminars 
sometimes organized to ensure Total Quality Management in the product chain.  
 We realized that the current financial predicament, management and restructuring 
policy (pending privatization) of the CDC even slowed down expansion of end-of-pipe 
environmental technologies to Mukonje factory or improvements on the existing system in Tiko 
factory. The case studies exposed CDC limitations in priorities, human and financial capital for 
environmental investments. One senior manager said “Despite increased revenue from rubber 
sales, we plan to increase agricultural production via expansion of surface area under cultivation 
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to meet customer demand”. In fact, the overall strategy of the CDC ignored investments on 
cleaner technology programmes notwithstanding recent increases in rubber revenue. The CDC 
produces three crops (banana, oilpalm, rubber) under different groups with well-established inter-
group collaboration mechanisms (human, financial and logistics). Hence, some rubber revenue is 
diverted to support expansion of oil palm plantations and investments in equipment. Rather the 
CDC regards them as complementary aspects of an overall strategy83 to ensure corporate business 
sustainability. 
 Finally the emerging network of actors and institutions where the CDC is  
embedded in reveals inadequate cooperation between the CDC and UB, except the effective 
collaboration that exists between the CDC, their buyers (Michelin France et al.) and IRAD for 
ensuring quality certification and some improvement of agricultural production technology. 
Actors and institutions supporting environmental innovations in rubber sector were virtually 
absent. This has also been illustrated by the inertia and indifference of the civic society to 
industrial risks to bring environmental issues to the attention of the company. Equally no relevant 
research institutes and programmes targeting generation and dissemination of environmental 
technologies could be identified. 
At this point, the dissimilarities and similarities between the two cases illustrated that possibilities 
still exist to drive environmental innovation processes in the rubber industrial systems. This 
research is focused on understanding the potentials of mitigating industrial pollution and the 
conditions under which these technological options can be applied. Pollution arising from natural 
rubber processing systems can be prevented or minimized through the integration of various 
standard end-of-pipe treatment technologies, recycling and reuse alternatives. The successful 
achievement of the above mentioned technological options could be effected through the external 
assistance of a knowledge centre like UB. Table 7.2 below summarises feasible options for 
effluent and solid waste management. 
 
 
                                                 
83
 Due to prices fluctuation in the international market, the overall strategy of the CDC to insure reliable income is to 
use income generated by industrial graded rubber to support other branches of the enterprise (for instance the CDC 
Group Palm oil), to ensure social and medical insurance for the workers and to pay back debts etc. 
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7.2.2 Comparative analysis of the contributions of the CDCs networks 
It is not uncommon in literature to note that networks are very important for the orientation of the 
firm because they provide information on technological options. In sympathy with Hansen et al 
(2002), each network communicates information in a different way and from a different 
perspective and influences a company’s reception and interpretation. The case for the CDC 
factories will certainly not be different. This raises the question why the CDC cases still need 
knowledge generation centres (UB, local university and research research institutes) despite an 
effective interaction with their buyers who enforce product quality standards through field visits, 
certification and training of CDC workers? The current network arrangement, though effective 
from the business perspective, is not yet conducive for corporate environmental innovation vis-à-
vis improved waste management and environmental performance. 
The quartet network model has helped us to understand the existing (or non-existing) interactions 
among actors/institutions involved in knowledge, economic, regulation and societal networks, 
which might contribute to the CDC rubber environmental performance improvement. In this sub-
section we present a summary of network analyses and discuss the conditions under which these 
networks can encourage and trigger the CDC to adopt environmental innovation capable of 
improving its environmental performance. The dissimilarities and similarities in the contributions 
of the actual actors/institutions embedded in the CDCs network are summarized in Table 7.3 
below. The recommendation and strategic interventions follow in the subsequent sub-sections 
Case 
company 
Kind of waste 
CNR 10 processing in Tiko RSS processing in Mukonge 
Effluent - Biogas generation 
- Reuse of wastewater after treatment 
- Capture effluent and put back onto rubber 
plantations. This will reduce pollution of fresh water 
ecosystems and reduce the damage to freshwater 
biodiversity 
- The effluent has a foul odour, but this can be 
reduced by activated sludge processes, whereby 
microorganisms are added to partially decompose the 
organic compounds 
- Biogas generation 
- Reuse of wastewater after treatment 
- At best, in the absence of treatment plant, 
capture effluent and put back onto rubber 
plantations. In fact it has been 
demonstrated that fewer chemical inputs 
and water are used when it is requires to 
ensure cleaner effluent. 
Solid waste - Use sludge as soil amendment in the plantations - Use of Latex sludge as fertilizers  
Table 7.2 Technological feasible solutions in the CDC rubber effluent management 
  
Source: author’s compilation, based on research analysis 
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Table 7.3 Evaluation of the actors/institutions network in driving the CDC environmental performance 
                    Case company 
Network interaction 
Tiko factory Mukonge factory 
Knowledge network Very weak Very weak 
Policy network Weak Weak 
Business network* Very high Very high 
Civic society network Very weak Medium - Weak 
* The business network here puts more emphasis on the close relation that the CDC has with their buyers, suppliers and IRAD 
 
 Policy networks 
First, the GoC environmental policy initiatives to mitigate industrial pollution (good on paper) are 
most welcome but lack focus on implementation (chapter 4). The existing legislation and 
institutions based on traditional command and control at best promoted end-of-pipe technical 
fixes to address industrial pollution, while preventive approaches such as waste valorization, 
cleaner technologies remained rhetorically printed in policy documents and deficient in 
implementation incentives. In the Tiko case, pressure exerted by environmental authorities 
resulted in installation of WWTP. But there was inadequate monitoring of pond treatment 
efficiency and no guidelines for environmental audit, absence of pilot projects or programs to 
stimulate firms to adopt pollution preventive options, no environmental monitoring by local 
authorities. As such, we think the Tiko factory effluent is still an environmental threat.  
Our findings revealed major weaknesses in the dynamics of Cameroon environmental policy 
limiting the pressure to force environmental behaviour change in the CDC rubber sector 
Environmental demands were not accompanied by implementation incentives capable of reducing 
innovation risks at the corporate level. 
Overlapping responsibilities over many ministries for environmental regulation enforcement 
coupled with shortage of manpower, capacity and financial resources limited environmental 
controls in urban centers leaving out rural factories which as in the case of Mukonje discharge 
wastewater untreated into nature.. To illustrate this we were told by different managers at the 
CDC Group rubber that there is no clear guide for corporate environmental regulation compliance 
“… today a representative of MINADER, tomorrow it is the turn of MINEP, and the next day the 
one of MINMDT; with overlapping environmental data demands…” Excessive use of water in the 
factories has been attributed to non-enforcement of payments related to abstraction fee from rivers 
and wastewater discharge tax that are not enforced. The result is that actions are not concerted, 
Source: author’s compilation, based on research analysis 
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which lead to inefficient regulatory system of industrial pollution. But we contend that 
environmental issues could be better handled through greater collaboration between 
environmental regulatory authorities and the enterprises, which could also be economically 
benefitial to companies. 
It was noticed that the CDC did not have an environmental management department to coordinate 
environmental issues. This was probably one of the reasons why environmental quantitative data 
and pilot projects were lacking as such compromising opportunities capable of improving 
environmental performance of the factories. However we contend that if the environmental 
authorities in the local level were empowered and well equipped to cope with environmental 
excesses, they will contribute to environmental motoring and sensitization of the population on 
industrial risks. 
 Civic society network 
Evidence from case studies indicated that the civic society role in influencing environmental 
performance of the CDC in general is still quite minimal. One of the major constraints arose from 
the fact that the communities in close proximity to the factories benefited socially, economically 
from the company and became indifferent to industrial risks. For instance in Tiko residents 
tolerated the foul odour from the factory. Residents also did not have access to environmental 
information, which dampened their environmental awareness thus compromising their effective 
role in corporate environmental management. However, public demonstrations and complaints 
from local residents of Mungo village in 2003 over unsustainable industrial water use forced an 
amicable settlement and improved relations in the Mukonje case. This was an illustration that an 
informed community can influence corporate environmental behaviour. 
NGOs and mass media are yet to create an impact on corporate environmental behaviour. The few 
NGOs in case study area prioritized natural resource management and conservation issues rather 
industrial pollution as dictated by their financial donors in the North. Media houses generally 
dealed with overarching environmental issues but only reported marketable industrial issues when 
they arise. However, given that corporate priority is economic, NGOs and the media can 
potentially play an important role in raising environmental awareness within both local 
communities and industrial firms, through facilitating (in connection with donors in the advanced 
industrialised countries) the introduction and dissemination of cleaner technologies programme. 
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 Business networks 
The CDC rubber sector is embeded in an effective vertical network with suppliers and customers. 
Strict raw material supply quality control reduced waste generation downstream and this was 
common practice in the two cases. TSR buyers influenced product quality based on certification 
by IRAD in collaboration with the Tiko rubber quality control laboratory (Appendix D depicts 
certification parameters of TSR).  Major rubber buyers’ e.g.Michelin France conducted quality 
control and delivery arrangements visits to ensure quality standards but paid little attention to 
environmental considerations. But they could play a bigger role by triggering the adoption of 
environmental management systems such as ISO 14000. This approach was yet to find in RSS 
factory in Mukonje because this grade of rubber had no certification system and marketed by 
visual inspection (not accurate enough). 
The CDC deals with economic agents such as banks, taxation services and insurance companies 
but it was not clear how much influence they have over corporate environmental behaviour. There 
are legal provisions for tax breaks on importation of environmental technologies but enterprises 
were sceptical about its sincerity due to corrupt practices, they say, that usually occur the customs 
services and lengthy administrative hurdles to overcome. In general the current financial 
predicament and restructuring policy of the CDC does not permit capital environmental 
investments due to pending privatization process. The ceilings to financial investments imposed in 
state-owned enterprises contrain introduction of some supposedly costly environmental 
investments e.g. biogas recovery from wastewater treatment plant in Tiko. 
 Knowledge networks 
In his model of Policy Explanation, M. Jänicke defines the condition under which environmental 
knowledge is produced, distributed, interpreted and applied84. He went further and argued that 
without knowledge there is no (perceived) problem, no public awareness and consequently no 
policy process, and therefore, it is the first factor here … (M. Jänicke / FFU, 1995). To 
corroborate with Jänicke, we shall emphasise that Cameroon has no agency to provide adequate 
support, through research and technology development, necessary to address industrial pollution. 
Thus the shortcomings in know-how and technological development in the arena of cleaner 
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 Cognitive-informational framework conditions M. Jänicke / FFU (1995) 
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technology constitute important obstacles to drive the CDC rubber industry towards 
environmental innovation and ultimately environmental reforms.  
Moreover, there were other limiting factors such as very low monitoring technology85 on the side 
of PDSW-MINEP and inadequate staff numbers (in the CDC Group Rubber for e.g. all the factory 
managers are either mechanical, electrical, chemical or agro engineers) in the CDC. But, as 
Hansen et al. (2002) suggest in their study of Environmental Innovations in Small and Medium 
Sized Enterprises, “…adoption and operation of CPT required a capability within the enterprises 
to engage in interactive learning processes with suppliers and customers to develop new 
procedures of exchange of product/supplies and information”.  
This illustration actually stresses the fact that the CDC requires strategic orientation, effective 
network relations (with other institutions and actor), and internal competence in the arena of 
environmental management. In this perspective, it is obvious that a specific environmental unit 
inside the firm improves its learning capacity vis-à-vis environmental innovation and related 
opportunities. This is of course one possible way to integrate environmental innovation principles 
inside the firm’s strategic policy and to strengthen environmental perspective within the 
corporation. But in the same time we do recognize that adoption of environmental innovation for 
the CDC case is a long term process because perceptions about cleaner technologies reveald that 
environmental performance is seen as something that:  
 is costly in investment (return in investment is not seen)86 
 leads to lot of problems and conflicts with environmental authorities 
The absence of strategic research was revealed as a barrier to knowledge generation and 
environmental information diffusion. IRAD and UB were the two research units existing in the 
study area but suffered from acute lack of research funds in environmental technology 
development or adaptation. We realised that though UB offers Environmental Science studies, 
staff and students did not receive financial and collaboration support neither from the government 
nor from the industries to carry out joint programs or projects capable of alleviating risks 
associated with adoption of new technologies in a business enterprise. Limited funding of 
                                                 
85
 A staff of the PDSW-MINEP revealed, during a personal communication, that the inspector in charge on control in 
the province is not an expert of rubber extraction and processing 
86
 A staff of CDC Group rubber revealed, during a face-to-face interview, that if CDC is to adopt cleaner technology 
the firm will undergo bankruptcy 
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knowledge centers is a key barrier to develop UB capacity to even address industrial pollution. 
Moreover our visit to the Environment and Geology department revealed that the Environment 
section of the University of Buea is not well equipped with a laboratory to carry out experiments 
environmental technology research and even more so applied environmental research.  
We deduced that IRAD was more focused on boosting natural rubber production upstream the 
value chain. It was not clear if IRAD was directly involved in research geared towards reduction 
of industrial pollution in the coastal zone of Cameroon. 
A final aspect concerns the low level of cooperation between the CDC rubber rubber factories and 
for e.g. a knowledge center like UB, which impedes translation of notions like cleaner 
technologies into practice. During the field study we found that the CDC had no direct 
cooperation with other rubber industries with far advanced processing technology in South East 
Asia for example and other international organisations. Another aspect of the cooperation can be 
the establishment of a collaborative forum between the different actors and stakeholder embedded 
in the CDC network. In such scenario, which is yet to take place, partnership between technical 
institutions (as for the case of IRAD in the present study) and universities (for e.g. UB) can be 
established to meet CDCs needs. In fact, it is believed that technical institutions use a lot of 
resources and knowledge from universities that are closely related to company’s expectations. 
7.2.3 Summing up 
In comparing the different networks, we realise that it is the lack of societal and knowledge 
networks that impede environmental modernization of the CDC. These networks are in fact very 
weak. In addition, the business network solely focuses on business, but not on environmental 
modernization. When we try to understand the CDC and its priorities, we establish that it has a 
close network (the CDC is in fact in a chain, a very effective network with their buyers) but not in 
a local area. Also, the government as a business partner is very slow and not so flexible (for e.g. 
the CDC, which is a state-owned company, is not allowed to carry out investment beyond a 
certain ceiling). 
In all we are of the opinion that knowledge capacity is of crucial importance in the present 
research. It is believed that it is through knowledge that companies are offered new opportunities 
and business arguments to engage into environmentally friendly programmes. The knowledge 
network has a potential to facilitate and strengthen the interactions of CDC with other networks 
  
                                                                                                                                             
122 
that can significantly contribute towards its rubber processing factories environmental 
performance. Figure 7.2 below provides the proposed integral chain management of the CDC 
rubber processing factories, whereby funding for research and development on environmental 
knowledge capacity and the contribution of actors and institutions (in terms of network 
interactions) are considered vital to bring about environmental technology (the green part of the 
flow chart) and trigger environmental innovation within an industrial enterprise.  
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8. Policy implications for future pollution control and relevance of EM in the 
Cameroon context 
8.1 Policy implications for future pollution control: Reconfiguration of Cameroon 
environmental regulation  
Given the potentials for Cameroon to adequately adopt EM principles to mitigate industrial 
pollution arising from natural rubber processing - case of the CDC natural rubber based factories -
we realized that Cameroon’s environmental policy formulation and instruments have not been 
translated into concrete improvements of the CDC rubber-based factories’ environmental 
performance. Probably the reason lies in the fact that the level of implementation is still very 
poor. Thus, as a strategy to obviate the constraints and barriers that hinder successful adoption of 
environmental innovation in the CDC, policy recommendations are proposed in this section and 
the relevance of EMT in the Cameroon context is examined in the next section. 
To start, the important question is “What next?” in terms of environmental regulatory policy 
framework in Cameroon. In other words does Cameroon has the institutional capacity to help 
industrial firms carry through environmental innovation processes? The comparative analysis of 
the two selected case studies provided some understanding of the barriers and opportunities on 
industrial environmental innovation of the CDC rubber based factories and the contribution of 
CDC’s actors/institutions networks to drive environmental innovations. The challenge then 
resides on the ways to overcome the inefficiencies of Cameroon environmental regulation, and to 
devise better ways of triggering innovation. 
Drawing on lessons learned from the cases studies we shall make broader recommendations 
capable of contributing to the environmental improvement of the CDC rubber factories and the 
Cameroon industrial sector in general. 
Despite new provisions in the environmental regulation allowing use of economics and more 
collaborative approach in industrial pollution mitigation efforts, the responsibility of the Ministry 
of Nature and environmental protection still is restricted to the traditional “command and 
control”87 as a common practice. In Cameroon this approach specifically sets standards and 
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 The point here is not to undermine command and control regulation. In fact we do recognize that both government intervention 
and market instruments are needed to drive environmental innovations. And that environmental authorities will continue to play a 
major role, to tell the enterprises that they have to do something to lessen environmental excesses arising from their activities.  
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enforces compliance at corporate level. However, command and control environmental regulation 
has been widely criticized for impeding innovation, constituting additional costs, inflexibility and 
diminishing returns (Gunningham, 2007). Box 8 below indicates some of the drawbacks of end-
of-pipe technologies and specified standards set by the command and control regulation. 
 
 
 
 
 
 
 
 
However there exist possibilities to supplement EoP technology. As Gunningham (2007) put it 
“…the next generation of environmental policy will involve the design of a second phase of 
regulation: One that still involves government intervention, but selectively and in combination 
with a range of market and non-market solutions, and of public and private regulatory orderings”. 
Thus the need for reconfiguration of the current industrial environmental policy in Cameroon vis-
à-vis industrial pollution controls. To this end various scenarii are outlined below. 
 There is a need to establish a national environmental agency responsible for strategic 
research on industrial pollution and other environmental issues. This agency will then act as a 
research institute to generate environmental information and knowledge (on clean technology), 
but also to build capacity necessary to increase rubber production and processing efficiency and 
expand the know-how on the use of its by-products. Moreover such an institute can assist to 
improve the existing system of environmental monitoring (the importance of monitoring is 
obvious and without it industrial pollution control will remain challenging) and facilitate greater 
collaboration among the actors involved in environmental issues. 
 Most importantly, we think that the Cameroon government should support and promote 
Box 8: Disadvantages of end of pipe techniques (adapted from: see source below) are; 
 
• Whilst the prevention of damage to nature is put first, which is in fact a good thing; the 
reuse and recycling are frequently ignored (e.g no option for wastewater reuse in Tiko and 
Mukonge, no sludge treatment etc.) 
• The waste products are most of the time mixed or diluted during processing and this 
usually contributes to render the end processing more difficult 
• Extra equipment is usually needed for the end processing in addition to the supply of 
energy and auxiliary materials 
• There is a permanent risk therefore that environmental problem will just be shifted to 
other compartments. In the case of CDC rubber factories, this might simply mean that the 
lack of better management practices in hanling industrial wastewater will result in 
polluted sludge 
Source: Tecnology and Sustainability “standard work”, June 2003 Technische Universiteit 
Eindhoven – Centre for Technology for Sustainable Development 
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active research within the universities. State should encourage strong industry-university research 
partnership. The University of Buea, the one located in the coastal zone of Cameroon, can be 
granted subsidies to upgrade its technological and scientific infrastructures (Laboratory to carry 
experiments in chemistry and biology, library equipped with enough information materials and 
updated data etc) to allow its students, under the supervision of university staff, to carry research 
in the realm industrial pollution prevention. The advantage of this kind of strategy lies on the fact 
that not only research work is undertaken at low cost compared to private consulting firm fees; 
but also students are usually motivated to challenge issues, which will shape and build their 
career. In this way financial support to universities is guaranteed to make it possible to continue to 
provide support to its young researchers. The success of industries-universities partnership has 
already been demonstrated in Western countries (Denmark, The Netherlands, and Germany etc.) 
and some emergent countries like South Africa.  
It is equally important that the government of Cameroon triggers decentralization process in 
environmental policy-making, so as to empower local environmental authorities, which face the 
daily circumstances and are aware of. This can have more positive impact if more focus is put on 
training, provision of financial resources and capacity building of the local staff to address 
industrial pollution on the ground. Another advantage of decentrilization will be that of 
enhancement of participation of environmental actors/institutions (authorities, government 
environmental agency, enterprises and local communities) to effect on local environmental 
regulatory system. 
 Market instruments 
According to Eckersley (1995) the OECD, in the 1980s, recognized the potential application of 
economic instruments, and began to give the concept wider circulation amongst policymakers. He 
went further and argued that “… this combined with the increasing awaremenss of the limits of 
traditional regulatory enforcement, has led the the growing acceptance and use of economic 
instruments in western industrial states” 
In the context of Cameroon, economic instruments provisions for industrial water use and effluent 
discharge are lowly priced coupled with weak payment enforcement. This creates the perception 
among companies that water is “free”, cheap and excessively used without water conservation 
policies or plans. In addition, it leads to corresponding high generation of factory effluent and its 
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negative environmental impacts. Since natural resources are to be rationally managed, we think 
that the current pricing of water use and pollution tax88 does not create enough disincentives for 
companies who prefer to pollute and pay penalties rather than adopt cleaner production practices. 
A senior policy maker in MINEP (personal communication 12.02.2007) confirmed this view. We 
suggest that a differentiated pollution tax for effluent disposal based on pollutant load should be 
implemented by MINEP. 
With reference to effluent management, economic instrument may include user charge for 
improper disposal of wastewater (when effluent from rubber processing is simply discharged into 
the public waterways) 
Finally, it will be befenicial if MINEP can succeed to implement tax differentiation for industrial 
firms when they import environmentally friendly equipment or input materials. This is one way to 
create incentives for industrial firms to adopt environmental innovations. 
 Finally and not least, potentials for informational regulation and civic environmentalism in 
Cameroon could be an important source of pressure to be examined. The selected case studies 
both revealed low perception and complaints of the public with respect to industrial pollution. 
However there was evidence of civic environmentalism over poor water resources use 
management in the Mukonje case study. The latter revealed that public concern against 
environmental excesses arising from industrial activities could sometimes supplement 
conventional regulation. Not surprisingly that the OECD (1994:8) went further to formulate that 
“People and businesses often care deeply about contributing responsibly to the public good 
(businesses also care about ‘reputation’), and governments can use information, communication, 
encouragement, peer pressure, and education strategies to convince the public of the need for 
change”. In the context of Cameroon, and as a supplementary policy instrument to command and 
control legislation, informational regulation will either require that the state encourages industrial 
firms to provide environmental reporting of their activities or require from them data on 
environmental impacts in accordance with the principle of community right to know. This 
approach combines both economic markets and public opinion as the mechanisms that could 
                                                 
88
 Companies which violate effluent discharge standards have to pay FCFA 5 millions that are comparatively low 
with respect to corporate financial turnover. 
  
                                                                                                                                             
127 
assist the CDC to improve its environmental performance (since the CDC is a large-scale and 
public company who may be vulnerable to share price and investor perceptions). 
The combination of pollution inventory and the community right to know (CRTK) are by far the 
common form of informational regulation. In the context of this study, this approach implies that 
the Cameroon government should provide some kind of conducive policy environment for local 
environmental NGOs and residential communities to be able to play a more effective role in 
shaping company behaviour, thus facilitating civic regulation. A concrete illustration of this will 
be the insertion in the provisions of various mechanisms that seek to empower civic society by 
giving resident communities and environmental NGOs direct possibility to have a say on planning 
and licensing conditions (when they are allowed to have a “seat at the table”, when they can have 
a stand to bring a legal action and threat the reputation of large corporation like the CDC etc). To 
this end, the Cameroon government should require companies to publish their environmental data 
in a manner that is accessible and well articulated by the public, the media and environmental 
NGOs who can then ascertain the related impacts. This kind of exercises can help the general 
public to distinguish between leaders and laggards companies with regard to environmental 
performance. It is based on this kind of sensitive information that the public can ensure tight 
enforcement of regulation and put pressure on industrial firms to environmentally innovate.   
In this view also, we consider the CDC as an enterprise, which is subjected to some kinds of 
rewards or punishments from its main customers and MICHELIN in particular. That is to say 
when it comes to business opportunity of the CDC it is likely that with the advent and 
enforcement of the REACH as for 1 June 2007, there will be a pressure on companies in the EU 
and USA - in that the latters will be requested to demand some kind of environmental awareness 
from their suppliers. In such a case it is evident that the CDC, who is in competition with big 
rubber producers in South East Asia, will have difficulties to compete. Therefore, and in order to 
secure its rubber market, there is a good business argument for the CDC to improve 
environmentally and protect its “social license”. And finally, further sensitivity analysis on 
pollution impact that will encompass a broader range of rubber factories should complement this 
study.  
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8.2 Relevance of EM in the Cameroon context 
In this section Environmental modernization theory, which is used as a way to make some kind of 
theoretical framing that makes it possible to discuss different ways to handle the relation between 
environment and economy, is assessed for its relevance in Cameroon current context. The win-
win perspective promoted by ecological modernization theory is a way to try to bring about 
environmental improvements in order to improve the competitiveness of a firm. In light with this 
we intend here to find out the key drivers and mechanisms of these in Cameroom (in identifying 
what could be the obstacles; what could be the factors/actors that make it difficult to have this 
environmental modernization process compare with Western Europe and South East Asia to some 
extent); and how these possibilities could be applied to similar industrial activities in Cameroon.  
 Firstly, environmental modernization theory puts accent in the use of highly developed 
environmental technologies, such as cleaner production technology, as appropriate tools to 
achieve both environmental protection and economic benefit in the perspective of environmental 
innovation. Apparently the environmental technologies that still prevail in Cameroon industrial 
sector follow end-of-pipe technology path. In addition the implementation of end-of-pipe, where 
it exists, depends on few factors: (i) resources availability for environmental authorities to 
conduct inspection; and (ii) capacity to enforce environmental regulations. The two selected case 
studies revealed barriers towards implementation of end-of-pide (the fact that the CDC operates 
double standard is, in this regard, an illustration). The case studies also revealed opportunities for 
implementing cleaner technologies in natural rubber processing, but this is yet to take place. 
 Secondly, environmental modernization theory emphasized a changing governmental role 
(less state intervention) in environmental issues to more public participation, decentralization and 
civic environmentalism. This approach triggers the sharing of environmental management tasks 
over more partners89. In the Cameroon context, however, despite the Government's belief that 
decentralisation is one of the most effective ways of improving governance, its implementation 
process is still too slow. Though environmental tasks appear to be decentralized and shared at 
different level of the administration, as provisions and laws depict, the case studies revealed that 
local environmental authorities are not empowered enough to enforce environmental regulations; 
and no development towards more consensual policy making was noticed.  In addition they 
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 This goes along with the principle of  “one size does not fill all” 
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experience shortage of information in environmental management, lack of know-how, poor 
expertise on environmental issues and lack of financial resources etc.  
 Thirdly, the greater role that globalisation and market economy play today and the business 
argument to cope with environmental change is yet to emerge in Cameroon. The case studies 
revealed that the business network around the CDC does not focus yet on question related to 
environmental modernization, but rather on quality certification of industrial rubber grades 
products. However there still exist room for Cameroon government and other actors such as 
universities to trigger the establishment of some kind of relations (between the CDC and their 
buyers), whereby environmental innovation is given more attention. 
 Last but not the least, civic environmentalism is just emerging as the case studies revealed. 
However, with the recent revision of environmental management and rule-making process made 
by MINEP in March 2007, it is likely that more room is given for community involvement in 
environmental issues. 
To conclude, we can identify various ways of environmental industrial transformation in the 
Cameroon context, but perhaps all these approaches just little accomodate the pillars of 
environmental modernization (which substantially represents an institutional learning process) as 
they are formulated for advanced industrial countries in Western Europe. One of the reasons of 
this situation lies on the fact that Cameroon industrial web is still at its embryonic stage and the 
company under study is actually surrounded by an emerging network indeed, but very weak in 
terms of environmental capacity knowledge. The other reason might be that Cameroon 
institutional capability as a whole - compare with the ones in advanced industrial countries in 
Western Europe or South East Asia in some extent - is still very weak. Comparisons on 
environmental innovations between Cameroon and some African countries seem to be more 
realistic. Also, solving the problem of organic pollutants, as for the case of CDC primary rubber 
processing, implies that the company can just use existing technologies. But there maybe are other 
solutions to overcome the problem that we don’t know, thus further research needed as for 
example exploring fish stock fluctuations along Cameroon coastal zone.   
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Appendices 
Appendix A: Letter of intent to carry interview with the respondents in the period comprised 
between 01-02-2007 and 01-04-2007 
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Dear Ladies / Gentlemen, 
To start, we shall go on and state that many developing countries, as for the case of Cameroon, are 
still running the risk of reproducing the errors (when overlooking the burden industries are 
placing on human health and the environment), which industrialised countries have made along 
their development cycle. It is against this background that we found relevant to conduct this 
research work. 
The lack of scientific research on environmental impacts of wastes arising from natural rubber 
processing enterprises along the Atlantic coast of Cameroon is increasingly becoming a major 
concern among government agents, companies, civil society and researchers. An in-depth study to 
map out the environmental profile of rubber-based factories located along the coastal zone of 
Cameroon seems to be an appropriate point of departure. 
Within the framework of Cameroon Development Corporation - Group Rubber headquartered in 
Tiko, a study on the potentials for adoption of cleaner technologies to address industrial pollution 
arising from the CDC natural rubber processing is being conducted. The attached 
questionnaire/interview is therefore provided to solicit from your end fruitful ideas and/or useful 
information on the determinants of industrial environmental innovation. 
Dear Sir/Madam, while this questionnaire/interview is optional, we crave your indulgence to give 
this research (strictly) exercise the importance it deserves. Your identity or anonymity is accepted.  
We look forward to conducting an interview at your convenience. 
Sincerely yours,  
 
 
 
 
 
 
 
Local Tlf contact +237 627 29 49 / 704 87 81 
        Napi Wouapi                                                     Tamo V. Maimo 
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Appendix B: Interviews and questionnaires guides 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glossary: Definition of some of the concepts used in the interview protocol 
• Capacity building for environmental policy: “the ability of a country to follow sustainable 
development paths is determined to a large extent by the capability of its people and its 
institution as well as by its ecological and geographical conditions. Specifically, capacity-
building encompasses the country’s human, scientific, technological, organisational, 
institutional and resource capabilities ”. (Agenda 21, Chapter 37) 
The OECD defines it broadly as “a society’s ability to identify and solve environmental problems”  
(OECD, 1994:8) 
• Cleaner Production: It is the continuous application of an integrated preventive environmental 
strategy to processes, products, and services to increase overall efficiency and reduce problems 
and product risks to human beings and the environment (UNEP, 2001a) – see figure 1c. 
Cleaner production is now the basis for the industrial approach to waste avoidance and in 
production processes of an industry. Iit can contribute to resources optimization, as endorsed 
by Agenda 21 
 
• End of pipe technology: It is a curative waste management policy based on command and 
control in order to control pollution. It targets reduction in the direct release of some pollutants 
into the nature, in which cases industries are expected to install waste treatment plant with 
reference to compliance with stated emissions standards (see fig 1.b) 
 
• Linear throughput industrial systems refer to manufacturing processes not equipped with any 
treatment plant (fig 1.a) 
treatment 
Virgin 
raw 
materials 
Remaining waste 
discharged into  
nature 
processing Energy 
Water 
additives 
CNR 10 
Fig 1b End-Of-Pipe system 
Secondary 
products 
Recycling 
material 
treatment 
Virgin raw 
materials 
Remaining waste 
discharged to the nature 
after treatment 
processing 
Energy, 
water 
products 
Reuse, 
recycling 
Virgin raw 
materials 
Waste 
discharged 
into nature 
process
ing 
Energy 
Water 
additives 
RSS 
Fig 1a linear throughput system 
Figure 1c: Closed loop system 
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Guide I: Interview for CDC staff – Group Rubber 
Part1: General information 
1.1 Registration information: 
Date in branch:        /         / 
Factory name Registered number…………………………………………………………………… 
Location  ……………………………………………………………………………………………. 
Telephone number / Fax …………………………………………………………………………… 
Total employees: …………………………………..Male …………………………………Female 
Working day per year ……………………………………………………………………………… 
Year established Investment cost … ……………………………………………………….… Fcfa 
Owner ……………………………………………………………………………………………… 
Customers…………………………………………………………………………………………… 
Natural rubber supplier …………………………………………………………………………….. 
Location map of factory …………………………………………………………………………… 
 
1.2 General Plantation data: Natural rubber processing 
General rubber Plantation size (in ha)  
Natural Rubber (Hevea Braziliensis) lifetime  
Latex producing lifetime (in years)  
Hevea Braziliensis tree per ha  
Latex volume per Hevea Braziliensis per clones per year  
Latex volume to produce 1000 kg RSS  
Latex volume to produce 1000 kg CNR 10  
Latex volume to produce 1000 kg 3 CV and L  
Area used to produce 1000 kg of RSS per year  
Area used to produce 1000 kg of CNR 10 per year  
Area used to produce 1000 kg of 3 CV and L per year  
Yearly production of RSS, CNR 10 and 3 CV and L in the 
CDC 
 
(table adapted from Yusoff and Hansen, Int J LCA 2005) 
 
1.3 Preliminary survey 
Factory 
 
Production 
capacity 
(ton 
latex/hr) 
Actual raw 
material 
consumption 
(ton 
latex/year) 
Latex 
production 
(ton 
latex/year) 
 
Extraction 
efficiency 
(%) 
 
ISO 
certification 
 
Rubber 
product 
and by-
products 
(tons/year) 
 
Location 
 
Own 
rubber 
plantation 
A 
        
B 
        
C 
        
D 
        
Range 
        
Average 
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1.4 CDC flowchart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GM Head Office 
Banana Group Oil Palm Group 
Other services 
Board of directors 
GM (General Manager head office) 
HR Department 
Finance Department 
Information System Department 
Inspection and Control 
Marketing and sale 
Security service 
Medical and health service 
Technical services 
The Groups 
 
Board of Directors 
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Part 2: Waste management 
2.1 Wastewater characteristics 
 
2.2 Effluent management 
Ο Irrigation for Agriculture Ο Channel to waterways Ο Other 
 
2.3 Solid waste management 
Ο Is there any sludge treatment taking place?     Ο Other 
 
 
Part 3. Resources used and emissions 
 
Production process steps 
 
Water used (m3/month) Energy used (Kw per month) 
1)  
2)  
3)  
4)  
……………….. 
  
Total   
 
3.1 What are the characteristics of emissions arising from rubber processing? 
3.2 What do you think is the environmental problem of the factory? 
Ο Wastewater Ο Solid waste Ο Noise Ο Air pollution Ο Smell  Ο Dust  
 
3.3 What have been the biggest obstacles to improve the environmental performance of the 
factory? 
Parameters 
 
Influent Effluent 
• Flow 
• pH 
• SS (mg/l) 
• BOD (mg/l) 
• COD (mg/l) 
• SS 
• TDS 
• Sulfides 
• Ammoniacal Nitrogen 
• Total Nitrogen 
 
  
Waste In-plant 
reuse/recycling 
External reuse/recycle Disposal 
Sell to Price Other   
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Ο Technology  Ο Financial  Ο Capacity   Ο Other 
3.4 Do you think that Rubber (manufacturing) industrial emission/ effluent standard are 
appropriate? 
Ο Yes.  Ο No. Reason 
 
Part 4:  Cleaner technologies 
4.1 General 
- How do you perceive the notion of clean technology? 
- Has the factory adopted any Cleaner Production technology? 
Ο Yes from when?  Ο No 
- Why does the factory apply cleaner production? 
Ο Reduce latex loss Ο Increase production efficiency  Ο Enhance product quality Ο Reduce cost 
of production  Ο Increase competitiveness Ο Comply with the effluent standards 
- What is the incentive for company to apply the clean technologies? 
- What have been the changes adopted in last 10 years? 
Ο Clean technology  Ο Good housekeeping  Ο In-plant reuse/recycle  Ο Process modification 
4.2. Clean technology application 
- What kind of improvements has been done to manage wastewater? 
- Control system Ο Is it Automatic? Ο Is it  Manual   Ο Other 
4.3 Environmental capacity knowledge 
- What is your source of knowledge in relation to improvement of the environmental 
Performance of the firm? 
Ο Consultancy Ο Supplier Ο University/Research institute Ο Government agency Ο NGOs  
Ο International donor agency  Ο Other 
- What kind of knowledge does the company need in order to become more innovative? 
Ο Technical assistance Ο Consultancy Ο Training Ο Demonstration 
 
Part 5. Compliance with environmental regulation 
- Which environmental laws must the company comply with? 
- Who enforces the law and how is this done? 
Ο Control of emission Ο Self–control Ο Visual inspections Ο Reaction when problem occur 
Ο Other 
- How do you appraise your collaboration with environmental authorities? 
Ο Enemy Ο Partner Ο Co–operation Ο Control and enforcement 
- How do you perceive the way environmental regulation demand is communicated? 
- Does the company find any conflict between both the business demand and regulation demand? 
- Does the company think that environmental regulations need to be improved? 
Ο Yes, Why?   Ο No Why?  
……………………………………………………………………………………………………… 
 
Part 6. Natural Rubber Market 
- Who are your competitors? Does any competition exist at the national level? 
 
- What are the competitive advantages of the company today/in the future? 
 
- Does the company see opportunities in the market in the field of green products? 
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- How does the company explore or intend to explore new markets opportunities? 
 
- What explains the fact that you increase the plantings of clonal rubber and at the same time you 
also plant oil palm? Do you see these crops as substitutes for one another or as complementary? 
 
- Does the overall marketing strategy of the company is conducive for investment in 
environmental technologies? 
 
- Does natural rubber subject to price fluctuations in the international market? If yes, what 
strategies are used in the company to adapt to these fluctuations? 
 
- What is the future of natural rubber market? 
 
Part 7. Actors and Institutions network interactions 
- Do you have to deal with any pressure from environmental agencies and/or the surrounding 
community, or other actors on environmental issues? 
 
Actors / Institutions network Type of 
Relationship 
Contact 
Frequency 
Type of 
exchange 
Policy Actors 
• Ministry of industry, mines and technological 
development 
•Ministry Scientific Research and Technological 
innovation 
 • Ministry Environment & Nature Protection 
• Municipality of Fako/ District authorities 
• Public health authority 
Business Actors 
• Other rubber processing 
• Other downstream factory 
• Suppliers 
• Customer/ consumer 
• Bank 
• International donor agency 
• Smallholders rubber planters 
• Recycler 
Knowledge centers 
• University/research institute 
• Natural rubber producer’s association 
• Other 
Societal Actors 
• Community 
• NGO 
• Mass media 
• Employee 
• Other    
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Guide II: Interview for MINEP and MINMDT (central and local environmental authorities) 
 
Empirical evidences (Alemagi, 2006) prove that the current environmental performance of 
many industries (including CDC) in Cameroon is poor. This can be the result of the following 
factors: 
 
i. Lack of awareness of environmental problems and potential solutions; 
ii. Lack of environmental technologies (clean technologies applications); 
iii. Lack of incentives in the external environment of industrial firms to engage into the 
improvement of the environmental performance of the latters; 
iv. Ineffective functioning of the institutional infrastructure that serves to assist industries 
in improving technology. 
 
Of these factors, the lack of incentives is probably the most determining factor. We shall then 
contend that the main actor in creating an environment with the right incentives is the 
government, through conducive policy instruments that are backed by environmental legislation.  
Analysis of these factors is essential in developing successful policy.  The research study reported 
here set out to contribute to that policy formulation and implementation. The selected questions 
are grouped into four headings: 
 
Part 1. Monitoring and environmental norms/standards: 
  
- What does the environmental inspection consist of and how do environmental releases from 
major industrial sources is monitored as part of the overall monitoring (of sources of the 
pollutants of concern within soil, airside or water basin)? 
 
- Are the solid wastes arising from industrial processes monitored in order to determine the 
acceptable treatment, storage, transport, and disposal methods that can be used and to obtain 
information on production processes? 
 
- Does the Ministry dispose enough capacity (finances, environmental knowledge) to exert control 
on pest management strategies adopted by the industries (including choice of pesticides, 
pesticides which are banned, pesticides to avoid, application, disposal and handling)? 
 
- What are the objectives of monitoring systems applied (including process optimization, auditing, 
and compliance with regulatory requirements such as emissions standards)? 
 
- What are the responsibilities and structures in charge of industrial pollution control within the 
Delegation and what are the measures taken to mitigate industrial pollutions? 
 
- How does MINEP collaborate with other stakeholders and/or actors (the municipality, 
authorities, research centres, universities etc) concerning industrial environmental management? 
  
- What are the constraints and opportunities to promote improvement of environmental 
performance of industries (as of the case of CDC) in the Province? 
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- Do you see any possibility to find a common interest (where environmental improvements may 
cause cost price reduction for an industry) between industries and environmental authorities since 
investing in treatment facilities is usually regarded as very expensive investment? 
 
- Do you see any advantages -during inspection round- to focus on the business perspective (of a 
particular enterprise) in order to understand the position and conditions where a single industry 
stands in the market economic system (including market economic compliance whose the 
company must adapt to and avoid be out of business)? 
 
Part 2. Industrial Waste Management 
 
- To what extent MINEP can contribute in the design, construction and operations facilities for the 
management and proper handling of both hazardous and non hazardous wastes (including 
landfills, incinerators and other waste management systems) arising from industrial activities? 
- What end-of-pipe technologies are being used and promoted so far?  
- What efforts have been made to promote wastewater reused as a water resource conservation 
measure within the industries? 
- What efforts have been made to either introduce or promote cleaner production technologies (in 
terms of energy recovery, wastewater reused and/or recycled just to name few)? 
 
Part 3. Regulation 
 
- Framework laws (on water, air, soil, energy used etc): What are the relevant laws and purposes 
concerning water, air, and soil pollution? 
- Pollution control text (current legislation) 
 
i. What are the specific pollution control texts (in relation to factories act, 
hazardous chemicals, emissions, machinery registration, industrial effluent 
standards, water use, energy use, ISO certification, public health)? 
ii. What are the current policies aimed at promoting cleaner production 
technologies? 
iii. Is there any policy formulation for the rubber sector? 
 
Part 4. Environmental knowledge Capacity 
 
- Is there any collaboration agreement in relation to technology transfer in industrial waste 
management (pilot projects, demonstration etc) with industrial countries? 
- Is there any financial assistance to enable industries implement new technologies starting from 
end of pipe and towards cleaner production? 
- How does your Ministry disseminate information and knowledge about best environmental 
practices for industries (through books, seminar, workshop, training and consultancy etc)? 
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Guide III: Interview for University of Buea (UB) and IRAD 
 
Part 1. On Industrial Waste Management; 
- To what extent the Department of Environmental Sciences can contribute in the acquisition of 
knowledge for design, construction and operation facilities for the management and proper 
handling of both hazardous and non hazardous wastes (including landfills, incinerators and other 
waste management systems), which arise from industrial production activities? 
- Are there any end-of-pipe technologies, which have been conceived and promoted so far by the 
Environmental Department?  
- What efforts have been made to design and promote wastewater-reused/recycled technology as a 
water resource conservation measure for the industries?  
- Have the Environmental Department already conducted some research activities related to 
effluent management? Or sludge treatment technique and reuse? 
 
Part 2. On Regulation; 
Framework laws (on water, air, soil, energy used etc) 
- What is the mission statement assigned to the Department of Environmental Sciences and how 
significant is its impact in the region? Is the Department of Environmental Sciences a proponent 
and / or actor of industrial pollution control? If yes, what are its areas of investigation? 
- What are the relevant laws and purposes concerning water, air, and soil pollution that the 
Department of Environmental Sciences has to deal with? 
 
Pollution control text (current legislation) 
- Are there any specific pollution control texts (in relation to factories act, hazardous chemicals, 
emissions, machinery registration, industrial effluent standards, water use, energy use, ISO 
certification, public health) that the Research Centre must comply with when carrying 
researches? 
- What are the current policies aimed at promoting cleaner production technologies if any? 
- What is the current rubber sector technological policy if any? 
 
Part 3. On Environmental Capacity Building; 
 
- Is there any collaboration agreement (with other universities) in relation to technology transfer 
in the realm of industrial waste management (pilot projects, demonstration etc) that has taken 
place yet? 
- Is there any co-operation (technical assistance and know-how) established with the industries to 
enable them implement new technologies starting from end of pipe (in the form of waste 
treatment) through cleaner production (e.g. waste recycling, biogas recovery systems) to more 
environmental innovation? 
- How does the Department of Environmental Sciences disseminate information and knowledge 
about best environmental practices and / or Best Available Technology for industries (through 
books, seminar, workshop, training, technology, manpower and consultancy etc)? 
- Do you think that an academic institution like yours can play important role in conducting 
research and helping industries implement waste reuse/recycling options and how? 
- What are the main barriers faced by the Department of Environmental Sciences to develop 
capacities and take initiatives in the field of industrial pollution control (informational, 
cooperation, financial or human capital barriers)? 
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Guide IV: Interview for CERUT (the local NGO) and the resident community 
 
Part 1. On Industrial pollution; 
 
- Do you think that the activities of the rubber processing at the CDC affect your organisation 
(people and infrastructures) and its network? 
- Is industrial pollution an environmental issue for your organisation? 
- Have you ever made any complaint to the municipalities or environmental authorities in case of 
negative impacts? If not do you know that Cameroon legislation give you rights to complaint or to 
effect change in the management of waste arising from the CDC rubber factories? 
- What has been your contribution towards resolving or identifying pollution problems from 
rubber processing if any? 
- Do you have programs on environmental issues in your organisation? 
 
Part 2. On Environmental Capacity Building and awareness; 
 
- How do you perceived industrial pollution and what is your knowledge about urban 
environmental health? 
- Does your organisation take part in policymaking and research in the field of industrial pollution 
management?  
- What do you think is the best option to address these environmental problems (waste, emissions, 
odours etc)? 
- Do you receive any sensitisation on environmental issues from Municipality, CDC or 
Governmental agencies? 
- How can your organisation play a better role as actors/active citizens towards the mitigation of 
industrial pollution (malodours, water quality etc.) 
- Is CERUT committed enough in creating awareness among the citizens with regard to industrial 
pollution? 
- Are there any barriers or incentives that enable/disenable you to improve the environmental 
health of your community (informational, cooperation, research capacity, financial or human 
capital barriers/incentives)? 
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Guide V: Interview for Tiko and Limbe Municipalities 
 
Part 1. On Industrial Waste Management; 
- To what extent the municipality can contribute in the design, construction and operation 
facilities for the management and proper handling of both hazardous and non hazardous wastes 
(including landfills, incinerators and other waste management systems), which arise from 
industrial production activities? 
- Does the Council see industrial pollution as a real threat for environment and human health in 
the region?  
- What efforts have been made to either introduce or promote cleaner production technologies (in 
terms of wastewater reused and/or recycled just to name few) in the industries? 
- Is the Council aware of effluent management since chemicals as ammonium and acids are added 
to make rubber processing economically efficient (for e.g. a typical rubber processing effluent 
analysis: PH, BOD, COD, Nitrogen and Phosphor contents etc)? 
- Since latex contains natural substances as rubber hydrocarbons and proteins, which after 
fermentation process, may generate odours that may cause uneasiness to the nearby community 
(case of Tiko); is there any attempt to mitigate the said environmental pollution?  
 
Part 2. On Regulation; 
Framework laws (on water, air, soil, energy used etc) 
- What kinds of relationship exist between the municipality and the industries in the region? Is the 
Research Council a proponent or actor of industrial pollution control? 
- What are the relevant laws and purposes concerning water, air, and soil pollution that the 
Council has to care for? 
Pollution control texts (current legislation) 
- Are there any specific pollution control texts (in relation to factories act, hazardous chemicals, 
emissions, machinery registration, industrial effluent standards, water use, energy use, ISO 
certification, public health) that the Council must refer to? 
- How does the Council evaluate externalities (natural resources depletion and pollution, which 
are made at the expense of local communities) and do the measures taken in this regard comply 
with the law? 
- What are the main activities carried by the Council towards industrial pollution and esp. the 
rubber sector? 
 
Part 3. On Environmental Capacity Building; 
- Is there any collaboration agreement in relation to technology transfer in industrial waste 
management (pilot projects, demonstration etc) that has taken place yet?  
- Is there any technical assistance to enable industries implement new technologies starting from 
end of pipe (in the form of waste treatment) through cleaner production (e.g. waste recycling, 
biogas recovery systems) to industrial ecology? 
- How does the Council disseminate information and knowledge about best environmental 
practices and / or Best Available Technology for industries (through books, seminar, workshop, 
training, technology, manpower and consultancy etc)? 
- What are the main barriers faced by the municipality to develop capacities in the field of 
industrial pollution control (informational, cooperation, financial or human capital barriers)? 
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Appendix C: List of the Interviewees 
 
In Cameroon; 
 
C1: CDC staff 
1. Mr. Mbuyeh Odilius, Group Rubber Manager 
2. Dr. Stephen Namijo, Manager Rubber Production 
3. Mr. Wonkam Dieudonne, Operational Research Unit Manager 
4. Mr. Tchinda, Manager Rubber sales 
5. Mr. Matike, Attache Technical Servive 
6. Mr. Mbile S. Tapea, Manager Tiko factory 
7. Mr. J S. Monkam, Manager Engineering Maintenance 
8. Mr. Nankeng Thierry, Assistant Manager Mukonge factory 
 
C2: MINEP 
1. Dr. Blaise Efendene, Director of Norms and Standards 
2. Mrs. Assoumou, Provincial Delegate of South-West  
 
C3: MINMDT 
1. Mr. Dombisso, Chief of Service in charge of industrial risks 
 
C4: IRAD-Ekona 
1. Dr Eugene Ehabe, Chief of Programme - Rubber Technology unit 
 
C6: UB 
1. Dr Yinda, Department of Geology and Environmental Biology 
 
C7: Tiko and Limbe municipalities 
1. Mr. Moleli Luma John, Secretary General - Limbe Municipality 
2. Mr. Bopda Maurice, Chief of service of Hygiene - Limbe Municipality 
3. Mr. Casimir Nyime Lyonga, Chief of Service Town planning – Limbe Municipality 
 
C8: CERUT 
1. Mr Ntonifor Charlie, Project manager 
 
In Denmark; 
 
C9: Environmental units Roskilde Kommune 
1. Mr. Kaj Eichler, Construction engineer – Roskilde Kommune Forsyning 
2. Mrs. Lotte Larsen, Environmental technician – Roskilde Municipality R/A Bjergmarken 
 
C10: DTU 
1. Michael Hauschild, Associate professor - Department of Manufacturing Engineering and Management 
2. Ann Marie Eilersen, Associate Professor – Department of Environment & Resources  
 
C11: Sølrød municipality 
1.   Dr. Jens Peter Mortensen, Environmental inspector 
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Appendix D: Certification parameters of TSR 
 
Table: Standard African Rubber (SAR) parameters for specification 
 
Specified limits 
 
Latex grades 
 
Coagulum and Field Grades 
 
 
Characteristics / Parameters 
 
3L 3 3CV 10 10 CV 20 20 CV 
Dirt content retained on 45 µm sieve 
(max. % wt. / wt) 
0.03 0.03 0.03 0.08 0.08 0.16 0.16 
Ash content (max. % wt. / wt.) 0.6 0.6 0.6 0.75 0.75 1.0 1.0 
Volatile matter (max. % wt. / wt.) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Nitrogen (max. % wt. / wt.) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
Initial Plasticity (Po, Min) 30 30 - 30 - 30 - 
Plasticity Retention Index (PRI, 
Min.) 
60 60 60 50 50 40 40 
Lovibond Colour (max) 6 - - - - - - 
Mooney Viscosity ML (1+4), 100°C - - 50 (±5) 
60 (±5) 
70 (±5) 
- (*) - (*) 
Colour code Green Green Orange Brown Magenta Red Yellow 
Source: CDC rubber processing manual, 2006 
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Appendix E: GoC environmental investments and flowchart of the Department of Norms 
and Standards (MINEP) 
 
Table: Budgets of some government ministries implicated in environmental management amounts 
in ‘000,000,000’ (F CFA). 1U$ Dollar = 571 F CFA 
Ministries Operating budget Investment budget 
Public works 70.30 16.30 
Public Health 59.51 17.25 
Agriculture and Rural 
Development 
24.43 4.20 
Territorial Administration 
and Decentralization 
21.31 2.00 
Housing and Town 
Planning 
15.52 5.50 
Forest and Wildlife 7.65 2.00 
Livestock, fisheries and 
Animal Industries 
7.09 1.20 
Scientific Research and 
Innovation 
5.44 4.00 
Transport 4.58 3.50 
Water and Energy 3.34 6.00 
Tourism 2.75 1.30 
Industries, Mines and 
Technological 
Development (MINMDT) 
1.97 1.10 
Environment and Nature 
Protection (MINEP) 
1.57 1.30 
Source: Compiled by authors based on Fiscal law No2006/013 of 29th December 2006 of the 
Republic of Cameroon 
 
Comments of the authors: 
 
The enforcement of environmental regulations and promotion of pilot environmental projects to 
mitigate industrial pollution is weak due to budgetary constraints. 
 
The table indicates that two key ministries (MINMDT and MINEP) directly concerned with 
industrial pollution control had the lowest operating and investment budgets. We contend that low 
investment can act as a barrier towards the promotion and support of the implementation of 
environmental technologies at corporate level to persuade or ward off risks associated with new 
technologies. In the same light low operating budgets imply that environmental agents face 
difficulties in monitoring and conduct of environmental inspection on the ground. 
 
As such many companies are likely to take advantage of it and discharge their wastes directly into 
the nature, which gives rise to continuous polluting activity as the case study revealed. Few of 
them, at best, install end-of-pipe technology as a response to environmental regulation demand. 
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Legend: 
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Appendix F: Biological processes for nitrogen removal from wastewater  
Over the last decades, biological processes for nitrogen removal from wastewater have proven their effectiveness 
and economical efficiency and have been widely implemented to meet increasingly stringent effluent standards. 
Traditionally, nitrogen removal is performed through biological nitrification-denitrification over nitrate (Figure 
below). In the nitrification reaction, ammonium, the dominant form, is oxidized with oxygen via nitrite to nitrate. 
Subsequently, nitrate is denitrified to nitrogen gas, while an organic carbon source is consumed, to be supplied 
externally when necessary, and CO2 is produced. (Source: Ghent University Faculty of Bioscience Engineering 
Department of Agricultural Economics - Belgium, 2006) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note of the authors: Influence of Mechanical aeration on the biological processes for nitrogen 
removal from wastewater  
 
The biological nitrogen removal (taking natural rubber effluent as an example) can be affected in two 
different nitrification steps. With reference to the assessment of Tiko WWTP, we will here describe 
both nitrification and denitrification processes.  
 
Nitrification takes place under aerobic conditions where the ammonia is converted to nitrate with 
simultaneous removal of a greater part of organic matters from wastewater. The optimization of this 
process necessitates a mechanical aeration to ensure that the required amount of oxygen by 
microorganisms is supplied to the wastewater. 
  
Denitrification, instead, takes place under anaerobic conditions, where nitrate is converted to free 
nitrogen. It is important to note that during this phase aeretors are shot off, thus no oxygen is supplied 
to the wastewater. 
 
It is the alternating between aerobe and anaerobe conditions (On and Off operating mode of 
mechanical aerators) that facilitates and increases the efficiency of Nitrogen removal process. 
 
Finally the biological processes in the so-called aerated basin in Tiko WWTP can be optimized if 
aerators are put in place. 
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Appendix G: Flow chart of Field Coagula production cycle including wastes and emission 
generation   
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1st stage*** crepping 
mechanism 
Conveyor 
belt - 4 
Conveyor 
belt - 3 
Conveyor 
belt - 2 
Conveyor 
belt - 1 
Crepper - 1 
Crepper - 2 
 
Granulator 
Shredder Nr 
1 
Crepper - 3 
 
Crepper - 4 
 
2nd stage**** crepping 
mechanism 
Conveyor 
belt - 7 
Conveyor 
belt - 6 
Conveyor 
belt - 5 
Crepper - 5 
Crepper - 6 
 
Granulator 
Shredder Nr 
2 
Crepper - 7 
 
Legend of the flow 
Fluid emission is made up of non rubber 
elements* such as: 
 
- proteins 
- ion 
- manganese 
- sugar 
 
NB: The decay of this protein, as a 
consequence of bacterial action, results in 
the foul smell that is usually associated 
with rubber factories and rubber processing 
There exist at least three types of 
contaminants that can be found in the 
rubber in the processing line. 
 
- Floating contaminants first include leaves 
and pieces of wood 
 
- Contaminants that form an emulsion with 
water such as very fine particles of soil. 
 
- Contaminants that fall to the bottom of 
the pit such as metal, stones sand and mud. 
 
Off shoots material, are rubber particles 
which get out of the processing line, but 
are then recovered and fed back to the 
system 
 
 
 
Stages of the mechanical work, which include: Cutting, size reduction, blending and 
granulation of rubber 
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Appendix H: Overview of Cameroon environmental laws and acts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Box 5.1: Legislation related to pollution control 
1) Law No. 2001/001 of April 2001 on the Mining Code 
2) Law No. 99/013 of 22 December 1999 on Petroleum Code 
3) Law No. 98/022 0f 24 December 1998 organising the Electricity Sector 
4) Law No. 98/020 of 24 December 1998 on pressurized gas and water vapour containers 
5) Law No. 98/015 of 14 July 1998 on Establishments classified as dangerous, unhygienic and obnoxious 
6) Water law no. 98/005 of 14 April 1998 
7) Environmental management framework law no. 96/12 of 5 August 1996 
8) Law No.96/11 of 5 August 1996 on Standards 
Box 5.2: Regulatory instruments 
1) Decree No. 2005/0577/PM of 23 February 2005 on conditions for conducting an Environmental Impact 
Assessment 
2) Decree No.2002/648/PM of 26 March 2002 fixing conditions on the application of law no. 2001/001 of April 
2001 on the Mining Code 
3) Decree No. 2001/718/PM of 03 September 2001 on organization and functions of the Inter-ministerial 
Commission on the Environment 
4) Decree No. 2001/165/PM of 8 May 2001 fixing conditions on the protection of surface and ground water 
against pollution 
5) Decree No. 2001/16/PM of 8 May 2001 fixing modalities and conditions of surface and ground water 
extraction for industrial and commercial use 
6) Decree No. 99/821/PM of 9 November 1999 fixing accreditation conditions for persons/companies carrying 
out inspections, control and audit of Establishments classified as dangerous, unhygienic and obnoxious 
7) Decree No. 99/822 of 9 November 1999 fixing conditions for the designation of inspectors and inspectors of 
Establishments classified as dangerous, unhygienic and obnoxious and for pressurized gas and water vapour 
containers 
8) Decree No. 99/818/PM of 09 November 1999 fixing conditions for the establishment and exploitation of 
Establishments classified as dangerous, unhygienic and obnoxious 
9) Decree No. 99/817/PM of 9 November 1999 fixing conditions for the construction, production and control of 
pressurized gas and water vapour containers 
Box 5.3 Ministerial orders 
1) Order No. 01/97/MINMEE of 5 January 1998 fixing conditions on establishment of Gas stations 
2) Order No. 0069/MINEP of 8 March 2005 on the categories of activities that require an Environmental Impact 
Assessment 
3) Order No. 002/MINEPIA of 1 August 2001 instituting conditions for protection of water resources. 
 
